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‘ 


USE OF CHANGES IN THE MEAN CORPUSCULAR HEMOGLOBIN 
CONCENTRATION AS AN INDEX OF ERYTHROCYTE 
HYDRATION 


Davip H. P. STREETEN, M.R.C.P., D.Put..,* AND GEoRGE W. THORN, M.D. 
Boston, Mass. 


ITH the methods available today for studying the distribution of water 

in the human body, changes in the intracellular water content can only 
be calculated from separate estimations of the total body water and the extra- 
cellular fluid volume. The errors associated with each of these measurements 
are too great to permit the detection of small changes in the volume of the 
various finid compartments. Gravimetric estimations of changes in water 
content of erythrocytes! are tedious and not practicable in clinical investiga- 
tion. Sinee the mean corpuscular hemoglobin concentration (MCHC) is a 
measure of the hemoglobin concentration in the erythrocyte,’ it was thought 
that the passage of water into these cells would result in a dilution of the 


blood hemoglobin 
~ hematocrit 
index, therefore, would reflect changes in erythrocyte hydration. The validity 
of using the MCHC for this purpose has been established by the experiments 
of Eisenman, Mackenzie, and Peters,? who found an inverse relationship be- 
tween the concentrations of water and hemoglobin within the red eell. This 


hemoglobin and a fall in MCHC (i.e x 100). Changes in this 
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relationship was used by Eisenman, Hald, and Peters* to show that the intra- 
venous infusion of hypertonic solutions of sodium salts into dehydrated sub- 
jects was associated with a loss of water from the erythrocytes, which was 
proportional to the induced gain in serum base. The opposite stimulus, i.e., 
reduction of the extracellular base coneentration by peritoneal dialysis with 
» per cent dextrose solution in dogs, has been found by Streeten and Vaughan 
Williams® to cause a marked fall in the MCHC, presumably reflecting an in- 
crease in erythrocyte water content. These studies suggested that changes in 
the MCHC would provide a simple index of alteration in erythrocyte hydration, 
which might be useful in studying the effect of water administration to human 
subjects. 


This report deseribes the technique of measurement of the MCHC and 
the validity of its use as an indicator of changes in erythrocyte hydration. In 
addition, the changes in MCHC observed after a water load in normal subjects 
are presented. In a separate report® the use of MCHC determinations for 
studying the effect of adrenal steroids on the intravaseular distribution of 
water in patients with adrenal insufficiency has been presented. 


MATERIALS AND METHODS 


A modification of the Robinson-Power-Kepler? test of water excretion was employed. 
Food and fluids were withheld after 6 P.M. on the evening before the study, and urine was 
collected from 10 P.M. to 7 A.M. At 8:30 A.M. the bladder was again emptied, and the sub 
ject then ingested 20 ml. of water per kilogram of body weight over a 15- to 30-minute 
period. This was followed by a breakfast of two slices of toast with jelly and 90 ml, of 
orange juice. At hourly intervals from 8:30 A.M. to 12:30 P.M., the bladder was emptied and 
venous blood specimens were obtained from an antecubital vein. Blood was collected with 
minimal stasis, the venipuncture being performed after the application of a tourniquet 
to the arm long enough to distend the veins but never for more than 2 minutes. The 
blood was withdrawn within a few seconds after removing the tourniquet. The blood 
was transferred to small bottles containing heparin powder (approximately 2 mg. per 
8 ml. of blood). In order to minimize variability in oxygenation and loss of CO, during 
mixing, the bottles were filled as completely as possible; not more than about 0.5 to 1.0 ml. 
of air being permitted. The bottles then were inverted exactly 50 times to ensure adequate 
mixing of the blood immediately before duplicate samples were removed. Each step in 
measuring blood and reading results was performed in duplicate by one person on all 
specimens in a single experiment in order to eliminate individual variations in technique. 
Instrumental errors were minimized by using the same hemoglobin pipette and spectro- 
photometer tube and usually the same two hematocrit tubes throughout each experiment. 

Hematocrit Estimations.—Wintrobe tubes were filled in duplicate, stoppered, ani 
spun at 3,000 r.p.m. for 30 minutes in an International Centrifuge (centrifugal force, 
1,035 g). The top of the red cell layer and the plasma meniscus were read to the nearest 


' . red cell reading , 
estimated 0.1 mm. The corrected hematocrit equaled : © x 109. The mean of 





plasma reading 

2 corrected readings was used for calculation of the MCHC. 

To ensure accuracy of hematocrit estimations a number of Wintrobe tubes were 
weighed, and then filled with mereury to the 45 and 100 marks. Only those tubes were se 
wt. of Hg at 45 mark 
wt. of Hg at 100 mark © 
large range of error was found in 20 tubes, in which the calibration was checked in the 
manner described. Using a single sample of blood with a true hematocrit of 45.0 per cent, 
these 20 tubes would have yielded readings varying from 44.2 to 45.6 per cent, At an 
arbitrary blood hemoglobin value of 15.0 Gm. per cent, calculation of the MCHC would, 





lected which exhibited a narrow range in the ratio A surprisingly 
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therefore, have given values varying from 33.0 to 34.0 Gm. per cent. 


For this reason, 
only those tubes which were found to give estimated hematocrit values varying from 44.6 


to 44.8 per cent were selected for the present studies. Actual measurements of the hemato- 
erit on a single specimen of blood with 5 of the selected tubes yielded a mean hematocrit 
of 49.0 per cent, with a maximum difference between hematocrits of 0.3 mm. and a standard 
deviation of 0.13 mm. The maximal variation in MCHC, attributable to faulty calibration 


f tl " ran at, _ 9 ’ Hb 15.0 — 1 

D 1e tubes was, therefore, reduced to 0.2 Gm. per cent (e.g.,——"_ = MCHC 33.6; 
' Het 44.6 

Hb 15.0 


ict aad = MCHC 33.4). In a large proportion of the studies, the instrumental error 
e § 


was reduced still further by using the same 2 tubes for successive hematocrit determina- 
tions, 

The reliability of estimating the hematocrit to 0.1 mm. was investigated by com- 
paring the values obtained in 101 hematocrits measured visually to 0.1 mm. both with 
and without a vernier scale. The vernier scale, which fitted snugly around the hemato- 
erit tubes, was constructed by affixing to the inside of a glass tube of suitable caliber 
(inside diameter 0.8 em.), a strip of cellophane calibrated with 10 divisions, each 0.9 mm. 
apart. The corrected hematocrit readings obtained with and without the vernier scale 
were identical in 31, differed by 0.1 mm, or less in 60, and differed by 0.1 to 0.3 mm. in 10 
observations. It was concluded, therefore, that direct visual estimation of the hemato- 
crit, to the nearest 0.1 mm., would differ from the closest approximation of the true 
hematocrit, as obtained with the vernier scale, by less than the calibration error of the 
hematocrit tubes employed, in 90 per cent of the observations, 

Blood Hemoglobin Levels.—Blood hemoglobin levels were estimated in duplicate on 
1:500 dilutions of whole blood in dilute ammonia solution by measuring the percentage of 
light transmitted at 540 my with an Evelyn spectrophotometer previously calibrated with 
blood samples of known oxygen capacity. <A series of 18 determinations on one specimen 
of blood yielded a mean hemoglobin concentration of 17.12 (s.d. 0.02) Gm. per cent. 

Mean Corpuscular Hemoglobin Concentration (MCHC)—MCHC was caleulated by divid- 
ing the mean value for hemoglobin by the mean hematocrit for each specimen of blood. The 
variation of each MCHC value was expressed as a percentage change from the initial 
determination. No correction was made for the presence of plasma trapped between red 
cells. 

Accuracy of MCHC Determinations.— 

A. Analytical errors: The standard deviation of the MCHC estimations was calculated 


» 


from 2 groups of data using the following formulas: 









M, | 
(s.G,)" <= M2 (V2 -— 2rV,V. + V-7) 
where M, = mean hemoglobin 
M, = mean hematocrit 
V, = coefficient of variation of hemoglobin 
estimations 
V. = coefficient of variation of hematocrit 
estimations 
r = correlation coefficient, assumed to be 


1.0 in this instance 


sing the mean hemoglobin (17.12 Gm. per cent) and hematocrit (49.0 per cent) values 
nentioned above, the s.d. of the MCHC was calculated to be 0.10 Gm. per cent and the 
s.d. 





coefficient of variation ( x 100) to be 0.28 per cent. These exceedingly small values 
mean 


prompted further statistical analysis of deviations from the means of duplicate estimations 
of hemoglobin and hematocrit measured on the 425 blood specimens used in these studies. 
1e following values were obtained: M, = 13.4 (s.d. 0.03 Gm. per cent), M, = 37.7 (s.d. 
06 per cent). The standard deviation of the difference between duplicate estimates of 
'CHC was calculated to be 0.10 Gm. per cent. 
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B. Biological sources of error: Classical experiments have shown that large changes in 
CO, tension result in alterations in erythrocyte water content, as estimated indirectly by re 
fractive index measurements? or directly by gravimetric determinations.1° That these 
changes in erythrocyte hydration are reflected in alterations in the hematocrit was demon 
strated by Smirk.11 More recently, however, Jackson and Motti2 have concluded from 
well-controlled experiments on the blood of man and various animal species that, while 
extreme changes in CO, tension do affect the hematocrit value, there is no statisticall, 
significant change in the relative cell volume over the physiological range of 40 to 60 vol 
umes per cent carbon dioxide content. They found, too, that relatively large variations in 
oxygen tension at approximately the same CO, tensions failed to alter the hematocrit sig 
nificantly. 

In the present experiments, variations in the CO, content of the blood samples 
analyzed might have arisen from differences in the degree of stasis in the vessel from 
which the blood was obtained or from differences in the amounts of CO, lost in handling the 
blood samples prior to the determination of the hematocrit. The possible effects on the 
hematocrit and MCHC of these potential sources of change in CO, content have been 
studied in the following experiments, 


I. Variations in the Degree of Stasis—Hemoglobin and hematocrit meas- 
urements were made on blood specimens obtained serially on the same subject 
after venous stasis had been induced by means of a tourniquet for 5 minutes 
and 2 minutes, after “minimal stasis” following the application of a tourniquet 
for 5 to 10 seconds before and during the removal of the blood, and in complete 
absence of stasis (no tourniquet applied at all). The results of 2 such experi- 
ments with simultaneous estimations of blood CO, content,’* in one instance, 
are shown in Table I. These data indicate that with “minimal stasis,” as herein 
defined, no significant effect on the values for hematocrit, blood hemoglobin, or 
MCHC was observed. Furthermore, no rise in CO, content was observed. 


TABLE I. Errects oF DIFFERENCES IN DURATION OF VENOUS STASIS ON THE HEMATOCRIT, 
HEMOGLOBIN, MCHC, AND CO, CONTENT OF WHOLE BLOOD 











DURATION OF VENOUS STASIS 





“¢MINIMAL’’ | 2MINUTES | 5 MINUTES 








Experiment 1 
Hematocrit* 
Hemoglobin t 
MCHC} 


Experiment 2 
Hematocrit* 
Hemoglobin t 
MCHC} 

CO, Content* 








~ *Volumes per cent. 
+Grams per cent. 
tGrams per 100 ml. of red cells. 


When venous stasis lasted for 2 minutes, there was a slight rise in the values 
for both hemoglobin and hematocrit, but the change in MCHC was within the 
limits of experimental error in one experiment and only barely exceeded these 
limits in the other experiment. Venous stasis for 5 minutes, which was suf- 
ficient to cause cyanosis and paresthesiae in the extremity, resulted in a definite 
rise in CO, content, associated with pronounced increases in hemoglobin and 
MCHC values above the values observed with little or no stasis. 
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Il. The Effects on the Hematocrit of Variations in CO, loss During Handling 
of the Blood Specimens.—These effects were studied by estimating the hemato- 
erit on samples of blood obtained in a 30 ml. syringe with a single venipuncture. 
Variable volumes of the blood were introduced into a series of tubes of 8.3 ml. 
capacity. After each tube had been inverted 50 times, blood was removed for 
duplicate determinations of hematocrit. Three experiments were performed 
and in Experiment 3 the CO, content was estimated on separate tubes of blood, 
handled identically with those used for determining the hematocrit. The re- 
sults (Table II) showed that no significant change in hematocrit, and therefore 
in MCHC, oeceurred with the slight changes in CO, content observed when the 
8.3 ml. tubes contained from 5 to 8 ml. of blood. When the tubes contained 
4 ml. of blood or less, the loss of CO. was greater and a progressive reduction 
in the hematocrit was noted. This change would, therefore, produce an ap- 
parent increase in MCHC, 


TABLE II. EFFECTS OF FFERENCES IN VOLUMES OF BLOOD IN 8.3 ML. BOTTLES ON THE 
HEMATOCRIT AND CO, CONTENT OF WHOLE BLOOD 


MILLILITERS OF BLOOD IN BOTTLE 
x iy ¥ 3 














Experiment 1 
Hematocrit 
Experiment 2 
Hematocrit 
Experiment 3 
Hematocrit 
CO, content* 


*Volumes per cent 


102-4 




















i T 7 
4 5 8 


TIME (HOURS) 


; Fig. 1.—-Spontaneous fluctuations in MCHC in normal subjects. The results for each sub- 
ject are expressed as percentages of the mean MCHC for that individual. The horizontal lines 
in this and the next figure enclose the observations varying between + 2 x coefficient of varia- 
tion of spontaneous changes in MCHC. 
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Spontaneous Variations in MCHC.—The preceding results indicated the 
degree of precision with which the MCHC could be estimated on the blood of 
normal subjects at any given time. It remained to be determined, however, 
what changes in MCHC might occur as the result of a spontaneous shift of 
erythrocyte water in the normal subjects under the conditions of the study. 
The MCHC was, therefore, estimated at 1- to 2-hour intervals over a period of 
5 to 8 hours, starting at 8:30 A.m., in 6 normal subjects who were on unre- 
stricted diet, fluid intake, and activity. The 28 observations of MCHC had a 
mean of 33.53, s.d. 0.84 Gm. per cent. The individual means had a s.d. of 0.51 
Gm. per cent about the group mean. Analysis of variance showed that there 
was a significant difference (P < 0.01) between the mean MCHC values of the 
6 individual subjects. The MCHC variations in any one individual, on the 
other hand, were smaller and not significant, having a s.d. of 0.18 Gm. per cent 
and a coefficient of variation of 0.52 per cent. This striking constancy of the 
MCHC in individuals from hour to hour is illustrated in Fig. 1. Because of the 
significant differences in mean MCHC values between individuals, the MCHCs 
of each individual have been depicted as percentages of his own mean. 

In contrast with these small spontaneous changes in MCHC, the fluctua- 
tions in whole blood hemoglobin concentrations of the same samples of blood, 
about the individual means, were far wider, having a coefficient of variation 
of 1.63 per eent. 

Other Determinations.—Hourly serum or plasma total base concentrations 
were determined by the method of Sunderman” and the serum total protein 
concentrations by the method of Phillips and co-workers.’® The volume and 
specific gravity of each urine specimen were measured, and the hourly urine 
output was expressed cumulatively as a percentage of the volume of water 
administered. 

Effects of Water Administration on the MCHC in Normal Subjects.—Tests 
of water excretion were performed on 7 men and 6 women between 21 and 42 


TABLE III. MEAN RESULTS DuRING TESTS OF WATER EXCRETION IN 


13 NORMAL SUBJECTS 








HOURS AFTER WATER ADMINISTRATION 














0 | 1 | 2 | 3 | 4 
Initial MCHC 32.9 : 
Changes in MCHC,* per cent eee -1.4t —0.2 +0.3 +0.3 
s.d. 0.82 1.06 1.67 0.93 0.81 
S.E.M. 0.23 0.29 0.46 0.26 0.22 
a anal <0.01 >0.1 >0.1 >0.1 
Serum total base, meq./L. 149 147 148 149 149 
s.d. : 3 3 3 4 
S.E.M. 0.8 0.8 0.8 0.8 1.1 
Cumulative water 
excretion per cent --.-. 11 50 69 74 
oe 8 14 15 17 
2 2a 2.2 3.9 4.2 4.7 
Urine specific gravity 1.022 1.009 1.002 1.005 1.012 
s.d. .006 -005 .002 005 .005 
S.E.M. 0017 0014 -0006 .0014 .0014 





*Changes in MCHC are expressed as percentage deviations from the initial MCHC. 
+Mean value of -1.4 per cent obtained from the following 13 observations: -0.6, —0.6, +0.6, 
-1.2, -1.8, -3.0, -2.5, -—2.2, -1.6, -1.8, -2.4, 0, -1.3. 














Jects, 
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years of age who pursued their routine duties about the hospital during the 
procedure. The results (Table II1) revealed a mean fall of 1.4 per cent in 
the MCHC one hour after water administration. This change was significant 
by the “t” test (P < 0.01) and oceurred at a time when only 11 per cent of 
the ingested water had been excreted. The MCHC rapidly returned to its 
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HOURS AFTER WATER INGESTION 


Fig. 2.—Reproducibility of MCHC and urinary response to water test in 2 normal sub- 


Three identical tests were performed on each individual over a period of several months. 
‘ ; 
MCHC changes are shown as percentage changes from the control value and water excretion 

is plotted cumulatively as percentage of the water load administered. 


original value. Variations after the first hour were found not to be statis- 
tically significant. Serum base concentration had fallen 2 meq./L. one hour 
alter water administration and returned to its initial value by the third hour. 
(rine specifie gravity fell from 1.022 to 1.009, but there was no great change 
in the rate of urine output in the first hour. A diuresis of 39 per cent of the 
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administered water and a fall in urine specific gravity to 1.002 occurred in th 
second hour. The diuresis decreased during the third and fourth hours, and 
was accompanied by a rise in specifie gravity to 1.012. 

The reproducibility of the observations: The reproducibility of the ob- 
servations was tested in order to establish to what extent results in any one 
individual might vary over a period of months. Three separate tests of water 
excretion were performed on 2 normal subjects (Fig. 2) and 2 studies were 
carried out on a third subject. In every instance, there was a fall in MCHC 
one hour after hydration. The magnitude of this fall, however, was variable, 
and frequently within the range of spontaneous fluctuations. The majority of 
the values after the first hour did not differ statistically from the control MCHC. 
The curves of cumulative water exeretion were reproducible in the subjects 
studied. 

Confirmatory Evidence that MCHC Changes Reflect Changes in Erythrocyte 
IT ydration.— 

A. Gravimetric measurement of changes in erythrocyte water content: The 
validity of using changes in MCHC as an index of alterations in erythrocyte 
water content has been well established.* Attempts were made to confirm 
these results under the conditions of the present experiments. Gravimetric 
estimations of the water content of packed cells obtained at hourly intervals 
during tests of water excretion were compared with simultaneously determined 
MCHC values. There was an inverse relationship between changes in the 


MCHCE and in the gravimetrically determined water content of the erythro- 


cytes (Fig. 3) as expressed by a correlation coefficient, r —0.80, which was 
highly significant (P < .001). 


B M.C.H.C. % 








Fig. 3—Relationship between percentage changes in MCHC and in erythrocyte water content 


B. Comparison of MCHC and MCV changes: In four studies, hourly 
changes in both MCHC and mean corpuscular volume (MCV), i.e., hemato- 
erit/red cell count, were measured. Since the MCV estimation is dependent on 
the red cell count which is notoriously inaceurate,’® ‘7 an attempt was made to 
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achieve as much accuracy as possible by making duplicate counts on 2 or 3 sue- 
cessive dilutions of each blood sample. Fig. 4 illustrates the results obtained. 
Changes in cell size have been plotted so that the portion of the curve above 
the base line represents an increase in erythrocyte size, as indicated by a rise 
in MCV or a fall in MCHC. There was fair agreement between the percentage 
changes in MCV and MCHC in 2 of the 4 studies, with a greater spread of re- 
sults observed in the remaining 2. The correlation coefficient (r = —0.34) fell 
short of accepted levels of statistical significance. 


M.C.HC. o-—° 


M.C.V. @====8 


CHANGE 




















3 4 0 \ 

HOURS AFTER WATER LOAD 
Fig. 4.—Comparison of percentage changes in MCV and MCHC during tests of water 
excretion in 4 subjects. Changes above the base line represent increases in erythrocyte volume 


(i.e., rise in MCV or fall in MCHC) while reductions in erythrocyte volume (i.e., fall in MCV 
or rise in MCHC) are plotted below the base line. 


DISCUSSION 

The highly significant correlation between variations in mean corpuscu- 
lar hemoglobin coneentration and variations in gravimetrically determined 
water content of the erythrocytes appears to establish the validity of using the 
observed changes in MCHC as indicating shifts of water into or out of the 
red cells. These findings have confirmed, under conditions of the present ex- 
periments, the previous observation of an inverse relationship between the 
coneentrations of water and hemoglobin within the red cells.* 


The present study has shown that the use of a few relatively simple pre- 
cautions enables the MCHC to be measured with a high degree of precision, as 
reflected by a coefficient of variation of 0.28 per cent. In normal subjects who 
continued on their usual intake of food and fluids, it was found that spon- 
taneous variations in MCHC over periods of several hours were only about 
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twice as great (coefficient of variation, 0.52 per cent) as the variability due to 
laboratory errors alone. The narrowness of this range of spontaneous fluctu- 
tions in MCHC was the more striking because of the far wider range of changes 
in the hemoglobin concentrations of the same blood samples, as expressed by a 
coefficient of variation of 1.63 per cent. The results indicate that the water 
content of the erythrocytes is maintained at a strikingly constant level in spite 
of the changes in extracellular fluid volume which inevitably result from the 
ingestion of food and fluids. 

The ingestion of a large water load (20 ml. per kilogram), however, did 
produce a fall in the MCHC one hour after the water had been taken, in 12 
out of 13 studies. The fall of 1.4 per cenit in MCHC in one hour, though small 
in magnitude, was nevertheless statistically significant. It occurred at a time 
when 89 per cent of the ingested water (i.e., 17.8 ml. per kilogram) had been 
retained. This amount of water would be expected to have increased the total 
water content of the body by about 3.0 per cent (= 17.8 + 6), assuming that 
the human body normally contains approximately 60 per cent of water.1® Two 
hours after the water load, the MCHC had returned to control levels where it 
remained for the rest of the 4-hour period of observation. This restoration 
of the initial state of hydration of the erythrocytes occurred in spite of the 
fact that the total body content of water was still elevated, since only 50 per 
cent of the ingested water had been excreted by the end of the second hour. 
The inerease in erythrocyte water content is, therefore, both smaller in mag- 
nitude and shorter in duration than the increment in total body water follow- 
ing the ingestion of a water load. These findings provide further evidence that 
the red cells are normally protected from large variations in total body water 
to which the individual may be subject. 


SUMMARY 


1. The technique of measurement of the mean corpuscular hemoglobin con- 
centration (MCHC) and its use as an indicator of alterations in erythrocyte 
hydration following water administration to normal subjects has been de- 
scribed. 


2. By selection of suitable hematocrit tubes, by preventing undue variation 


in the CO, content of the blood, and by reducing to a minimum personal and 
instrumental variations in technique, the MCHC can be determined with a 
standard deviation of 0.10 Gm. per cent (coefficient of variation 0.28 per cent). 


3. In normal subjects on an unrestricted diet and fluid intake, the MCHC 
remained constant over a period of several hours (coefficient of variation, 0.52 
per cent), while the blood hemoglobin concentration fluctuated more widely 
(coefficient of variation, 1.63 per cent). 

4. Water tolerance tests were performed on 13 normal subjects. One hour 
after the administration of 20 ml. of water per kilogram of body weight, a 
statistically significant decrease in the MCHC occurred (—1.4 per cent). Fol- 
lowing the brisk diuresis which occurred during the second hour, the MCHC 
returned to control levels for the remainder of the 4-hour period of observation. 
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5. That the changes in MCHC indicated alterations in water content of 


the red blood cells was suggested by the finding of a highly significant correla- 
tion of MCHC changes with changes in the gravimetrically determined water 
content of the red cells. 


6. The results indicate that erythrocyte hydration is maintained at a re- 


markably constant level under conditions of normal activity and feeding, but 
is inereased significantly one hour after the ingestion of a large volume of 
water. 


l. 
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THE EFFECT OF EXERCISE IN THE SUPINE POSITION ON 
CARDIOVASCULAR AND RENAL FUNCTION IN HYPERTENSIVE 
PATIENTS BEFORE AND DURING CHRONIC ORAL 
HYDRALAZINE THERAPY 


WaLterR E. Jupson, M.D.,* WiLutiAmM Ho.LuAnper, M.D.,** anp 
Rospert W. WILkKins, M.D.,*** Boston, Mass. 


REVIOUS reports’ indicate that the renal responses to exercise in the 

supine position are different in normal subjects and eardiae patients. In 
response to exercise, normal subjects usually have a transitory fall in renal 
plasma flow and slight or no change in glomerular filtration rate or excretion 
of sodium. In contrast, cardiae patients have significant reductions in the 
renal plasma flow, glomerular filtration rate, and excretion of sodium. Since 
renal hemodynamic functions of hypertensive individuals without congestive 
heart failure at rest not infrequently are similar to those in cardiac patients, 
their renal responses to exercise were studied to determine whether they also 
might be similar. When it was found that the renal exeretory responses to 
exercise in hypertensive subjects were abnormal, antihypertensive treatment 
with hydralazine (Apresoline) was instituted during the study in an attempt 
to alter the responses. Cardiovascular and renal excretory functions were all 
measured simultaneously in order to determine if any relationships existed 
between them. 


PATIENTS AND METHODS 


Of the 13 patients with essential hypertension, 2 had malignant hypertension 
(I, R. and T. 8.) and 7 had complicating hypertensive cardiovascular disease. However, 
none of the patients were or had been in congestive heart failure. At least 2 years prior to 
the study, 4 of the patients (A. W., I. R., A.L., and T. 8S.) had undergone a bilateral lumbo- 
dorsal sympathectomy. Patient T. S. also had had a bilateral adrenalectomy. Prior to 
continuous chronic oral hydralazine (Apresoline) therapy some of the patients were treated 
with a placebo for at least 3 months while others received symptomatic but not antihyper- 
tensive drug therapy for longer periods. The dosage of hydralazine ranged from 40 to 
1,200 mg. per day and was maintained from 2 weeks to 14 months. In none of the pa- 
tients was the dietary intake of sodium restricted or controlled either before or during 
treatment. Clinical observations of blood pressure and pulse rate in the supine position 
were recorded at 2- to 3-week intervals. 
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On the morning that the simultaneous cardiovascular and renal studies were made, 
the patients were in the postabsorptive state and had received no sedative medication. 
The experimental procedure and methods of measurement were identical with those pre- 


viously deseribed.5 
RESULTS 

The individual cardiovascular and renal data before and during hydral- 
azine treatment are presented in Tables I and II and the means with a sta- 
tistical analysis are shown in Table III. 

Cardiovascular Responses.— 

Cardiac index and oxygen measurements: The average resting cardiae in- 
dex before hydralazine therapy was 3.60 L. per minute per square meter of 
body surface. During treatment, the average cardiae index at rest increased 
by 0.95 L./min./M.*, which was statistically significant. The average cardiac 
index during exercise was greater by 1.39 L./min./M.* during than before 
treatment with hydralazine. The increase in cardiae index in response to ex- 
ercise was also greater during treatment, the mean difference in the response 
being 0.90 L./min./M.? Both of the latter changes just lacked statistical sig- 
nificance at the 5 per cent level. 

Although the oxygen consumption for the group tended to be higher both 
at rest and during exercise in the patients while receiving hydralazine, the 
differences lacked statistical significance. The effect of hydralazine on the 
arteriovenous oxygen difference at rest and during exercise and the change 
in the values in response to exercise was not statistically significant. The 
individual measurements in Patients A. W., I. D., and I. R., however, showed 


considerable narrowing of the arteriovenous oxygen differences in response 
to hydralazine (Fig. 1). Two of these patients (1. D., and I. R.) had assoei- 
ated increases in the oxygen consumption. 


Vascular Pressures.— 

Pulmonary arterial and right ventricular end-diastolic pressures: All of 
the patients except I. R. had normal mean pulmonary arterial and right ven- 
tricular end-diastolic pressures both at rest and during exercise before con- 
tinuous treatment with hydralazine. During treatment there were no sig- 
nificant changes in these vascular pressures. 


Systemic arterial pressure: The mean brachial arterial pressure for the 
group at rest prior to treatment was 136 mm. Hg; following treatment it 
decreased significantly to 116 mm. Hg. While both the systolic and diastolic 
pressures at rest decreased significantly, the greater decrease was in the sys- 
tolie pressure. During exercise the systolic, diastolic, and mean arterial pres- 
sures were likewise significantly reduced after treatment. The increases in 
mean arterial pressure which occurred in response to exercise were not sig- 
nificantly different before and after treatment. In general, before and during 
treatment the averages of the clinically measured arterial pressures (but not 
the pulse rates) were the same as those obtained by direct intra-arterial meas- 
urements. 
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INDIVIDUAL 








PATIENT 





AGE | SEX 


TREATMENT 
AND 
DURATION 





R. D. 
44 M 


BE. U. 

F 
N. B. 

M 


Control 


4 months 
Apresoline 

600 mg./day 

14 months 
Control 

8 months 
Apresoline 

400 mg./day 

6 months 
Control 

3 months 
Apresoline 

200 mg./day 

12 months 
Control 


13 months 
Apresoline 

600 mg./day 

3 months 
Control 

7 months 
Apresoline 


1000 mg./day 


S months 
Control 

6 months 
Apresoline 
75 mg./day 

4 months 
Control 

8 months 
Apresoline 

100 mg./day 

3 months 
Control 

4 months 
Apresoline 


1200 mg./day 


2 weeks 
Control 

5 months 
Apresoline 

40 mg./day 

3 months 
Control 

10 months 
Apresoline 

75 mg./day 

5 months 
Control 

3 years 
Control 

3 months 


*s = systolic. 
TD = diastolic. 
tM = mean. 
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Resistances.—Hydralazine caused a significant reduction in the total pe- 
ripheral resistance at rest. During exercise, the drug likewise caused a de- 
crease in this calculated measurement but the decrease just lacked statistical 
significance at the 5 per cent level. The changes in peripheral resistance in 
response to exercise were not significantly different after treatment than 
before. 





CONTROL 4 MOS. TREATMENT 
( Placebo Treatment) (Apresoline,600mg./day) 





EXERCISE EXERCISE 


pam cme 
CARDIAC e 
INDEX , 


L. /Min.7M® 


ee ae le a ee 


Tit’ rf 





A-V O2 
DIFFERENCE 
Vols. % 


[Tr ns 
a oe 





PULM. ART. 
PRESSURE 


mm. Hg 








lal ha 
Ji jadi 











R.V. END DIAS. 
PRESSURE 
mm. Hg 2 








ARTERIAL 200 
PRESSURE 
an te 100 








iit ee id Hil Sail 


PT TT TT 1 





PULSE RATE ro 
deats /Min. 


ba id id 





500 








PAH 
CLEARANCE 
300 
mL. / Min. /173M*® . 























INULIN 100 
CLEARANCE 50 
 mL./Min. /173 M2 


Na 
EXCRETION 
microEg / Min 





URINE 
FLOW 
mL. /Min 











o 0 20 BD 4 50 60 70 0 10 20 30 4 50 &© 70 8 
AW. #,39yrs. ~HCVD TIME IN MINUTES 


Fig. 1.—Even though cardiac output, renal plasma flow, and the glomerular filtration 
rate increased during hydralazine therapy over the pretreatment values, the reductions in 
sodium and water excretion during and following exercise were not altered. 


Pulse Rate——The pulse rate at rest and during exercise was not signifi- 
eantly different after treatment than before. 

Renal Measurements.—The average renal plasma flow was slightly low at 
rest before as well as during therapy. Following treatment there was a slight 
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inerease in the average resting renal plasma flow but this lacked statistical 
significance. Three patients (A. W., 1. D., and A. L.) had definite increases in 
renal plasma flow following hydralazine therapy (Fig. 1). In 2 of them, 
(A. W., and |. D.) the cardiae output, which was measured both before and 
during treatment, was considerably increased. 

Half of the patients had slightly low glomerular filtration rates at rest. 
Following therapy, the average increase in the glomerular filtration rate was 
not statistically significant. Four patients (R. D., A. W., 1. D., and I. R.) had 
appreciable increases in the glomerular filtration rate ranging from 13 to 44 
per cent. In 3 of these patients (A. W., 1. D., and I. R.) the increases in the 
glomerular filtration rate were associated with increases in eardiae output 
(Fig. 1). 

Although the dietary intake of salt was not controlled, the exeretion of 
sodium in the period following treatment was significantly more than that 
observed before treatment. There was no significant difference between urine 
flow at rest before and after therapy. 


EXERCISE 
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Fig. 2.—Four years prior to study, hypertensive Patient T. S. had a bilateral splanch- 
nicectomy and adrenalectomy for malignant hypertension. He now was maintained on cortisone, 
50 mg. per day and 5 Gm. sodium chloride added to regular diet per day. Both during 
and following exercise there was no reduction in renal circulatory function or in the excretion 
of sodium and water. 


During Exercise—Both before and during treatment the renal plasma 
flow decreased significantly on exercise, the average decreases being 97 and 
78 mi./min./1.73M.* respectively. These decreases were not significantly dif- 
ferent. During exercise the glomerular filtration rate also decreased before 
and after treatment but the decreases lacked statistical significance at the 5 
per cent level. They likewise were not significantly different. 
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Prior to treatment there were significant decreases in the exeretion of 
sodium, potassium, and water in response to exercise. Following treatment 
the decreases in sodium exeretion just lacked statistical significance but 
those in potassium and water were significant. These changes in electrolyte 
and water excretion were not significantly different before treatment than 
after treatment. 

Recovery from Exercise.—In all except Patient T. B., both before and dur- 
ing hydralazine therapy, the PAH and inulin clearances returned to the pre- 
exercise control values within 10 to 20 minutes of the recovery period. How- 
ever, the excretion of sodium and water during the recovery period usually 
remained depressed below the control level (Fig. 1). The return of potassium 
excretion to the control value in the recovery period was inconsistent. Pa- 
tient T. S., who had a previous splanchnicectomy and adrenalectomy and was 
on adrenal replacement therapy, did not have a reduction either in renal hemo- 
dynamie measurements or in sodium, potassium, or water excretion during 
and following exercise (Fig. 2). 


DISCUSSION 


Chronie antihypertensive treatment with hydralazine occasionally in- 
creased the cardiae output, renal plasma flow, and glomerular filtration rate 
above pretreatment values in hypertensive patients. The inereases in these 
functions were usually, but not invariably, associated with large oral doses of 
hydralazine and were observed even after 14 months of treatment. The im- 
provement in renal hemodynamic function was usually associated with aug- 
mentation of the cardiac output. The changes in both functions occasionally 
occurred without an appreciable change in the arterial pressure. 

Hydralazine, by maintaining a persistently elevated cardiae output, con- 
ceivably might precipitate congestive heart failure, particularly in patients 
with coronary artery disease. However, this complication was not observed 
in this study nor in a larger group of patients followed clinically. On the 
other hand, the increasing frequency and severity of angina pectoris which 
was occasionally observed during treatment® might have been caused by an 
elevation of cardiae output by hydralazine. 

The renal hemodynamie responses to exercise in compensated hyper- 
tensive individuals, like those of normal subjects (but unlike those of pa- 
tients in congestive heart failure), consisted of slight reductions in renal 
plasma flow and glomerular filtration rate with rapid recovery following exer- 
cise. Unlike normal subjects (but like patients in congestive failure) com- 
pensated hypertensive patients had definite reductions in the excretion of 
sodium and water during exercise which usually persisted throughout the 
recovery period. Sodium and water exeretion appeared to be mainly inde- 
pendent of the glomerular filtration rate, especially in the recovery period 
when sodium and water excretion remained persistently depressed although 
the glomerular filtration rate had returned to control values. It therefore 
seemed that an increased renal tubular reabsorption of sodium and water 
could account for the excretory changes. 

During antihypertensive therapy with hydralazine the renal responses to 
exercise were not altered in hypertensive subjects, including those patients 
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who had appreciable increases in eardiae output, renal plasma flow, and 
in the glomerular filtration rate. They likewise were not changed in patients 
in whom hydralazine treatment produced postural hypotension or a ‘‘sympa- 
theetomized” type of response of the arterial pressure to the Valsalva ma- 
neuver. 

The retention of sodium and water during and following exercise in com- 
pensated hypertensive patients seems not likely to be mediated through the 
splanehnie sympathetic nervous system, since splanchnicectomized hyper- 
tensive patients behaved similarly to normally innervated hypertensive pa- 
tients. The disturbances in sodium and water exeretion, however, conceivably 
could be mediated through the activity of the adrenal gland. This possibility 
was suggested from the observation that sodium and water were not retained 
during and following exercise by an adrenalectomized hypertensive patient. 
It is interesting, in connection with this possibility, that Raab has found an 
increase in the level of “adrenal cortical compounds” in the blood of hyper- 
tensive patients but not of normal subjects following exercise.’ 


CONCLUSIONS 


1. The cardiovascular and renal hemodynamie responses to exercise 
the supine position in hypertensive subjects (compensated) are similar 
those of normal individuals. 


2. However, unlike the response of normal subjects, but like that of 


cardiae patients, the exeretion of sodium and water during and following ex- 
ercise is reduced in hypertensive individuals. 

3. The disturbance in sodium and water excretion is not necessarily re- 
lated to the control level of arterial pressure and is not corrected by chronic 
hvdralazine therapy. 

4+. The renal retention of sodium and water in hypertensive subjects ap- 
pears not to be mediated through the splanchnic sympathetic nervous system 
but may be mediated through the adrenal gland. 

5. Continuous oral hydralazine therapy in hypertensive patients ocea- 
sionally inereases the ecardiae output, renal plasma flow, and glomerular filtra- 
tion rate over pretreatment levels. 
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ACUTE HEMODYNAMIC EFFECTS OF TOTAL HEAD-DOWN BODY 
TILT AND HEXAMETHONIUM IN NORMAL AND PULMONARY 
EMPHYSEMATOUS SUBJECTS 
SALVATORE M. SAncetra, M.D. 

CLEVELAND, OHIO 
WItH THE TECHNICAL ASSISTANCE OF GLADYS HECKMAN, R.N., AND 
HANNA JANOUSKOVEC, R.N. 


INTRODUCTION 


HILE several investigators have described totally or in part the hemo- 

dynamie effects of an acute change from the horizontal to the upright 
position on the cardiopulmonary circulation of man,* *° there has appeared 
but one report dealing with the pressure and cardiac output changes induced 
by a head-down tilt..*. In this work the observations were essentially limited 
to the immediate measurements of the changes in brachial and femoral ar- 
terial, jugular venous and right atrial pressures, heart rate, and ballistoeardio- 
graphically estimated cardiae output consequent to the sudden induetion of 
— 1G by rapid, 75-degree total head-down body tilt. It was concluded that 
the immediate changes were due to passive hydrostatic shifts of the arterial 
and venous blood columns followed by a secondary vasodepressor readjust- 
ment. 

Green and associates® © studied the effects of a sudden 45-degree total 
head-down body tilt, limiting their observations to a continuous recording of 
the femoral and brachial intra-arterial pressures and of the heart rate over 
a 15-second period. They noted an immediate decrease in the femoral and 
an increase in the brachial systolic and diastolic pressures with a decrease in 
the heart rate. The femoral pressures remained low during the entire 15- 
second period of tilt, whereas the brachial pressures gradually fell toward, 
but not quite to, the base line levels recorded during horizontal recumbency. 
The heart rate likewise showed a secondary rise toward, but again not quite 
to, the original values. The authors coneluded that the primary alterations 
of pressure which accompanied the postural changes were due to a shift ot 
the hemostatic force of gravity of the column of blood enclosed by the aorta 
and its branches. The secondary changes were attributed to a more gradual 
vasodepressor response activated by peripheral intra-arterial stimuli to the 
central vasomotor regulatory center. 

The experiments here reported were designed to extend these observa- 
tions by measuring simultaneously the effects of a sustained, 35-degree total 
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head-down body tilt on the central venous and brachial artery pressures and 
cardiac output of normal and emphysematous subjects in the steady state. 
In addition, the modifying effect of the intrapulmonary arterial administra- 
tion of hexamethonium (C-6) on the changes induced by tilting was likewise 
investigated. The patients with emphysema were studied with the expecta- 
tion that differences in the response of the cardiopulmonary hemodynamics 
from the normal might be noted, due to the restricted and possibly less dis- 
tensible vascular bed which exists in these subjects. 


MATERIALS AND METHODS 


Cardiae catheterization in the postabsorptive state was performed in 5 normal, non- 
anemic subjects free of cardiopulmonary disease and in 5 individuals with pulmonary 
hypertension due to chronic pulmonary emphysema. The latter all had reductions of the 
vital and maximal breathing capacities in excess of 35 per cent, and an increased pul- 
monary residual volume. The criteria employed for selection of the patients, the details 
ot cardiac output determination by the Fick principle, and the recording devices for the 
registration of central venous and brachial artery pressure were as previously reported.19, 11 

The left arm was uniformly employed for placement of a No. 7F Cournand catheter 
into the right pulmonary artery and for the introduction of the intra-arterial needle into 
the brachial artery. Following a period of stabilization in the horizontal position, a 
record was made of right atrial and ventricular, pulmonary and brachial arterial, and 
wedge pressures. The latter was uniformly obtained in the right lower lobe and all 
repetitive determinations were made as close as possible to the site employed during the 
control observations, Between determinations, the catheter tip was withdrawn into the 
right main pulmonary artery, just beyond the midline, Control measurements of the oxy- 
gen consumption and the cardiac output were done in duplicate and were required to 
vary less than 10 per cent from each other to be accepted as valid, 


All values reported 
represent the averages of two such determinations, 


The motor-driven fluoroscopy table with a central fulcrum was then tilted 35 degrees 
head-down, and all determinations were repeated after 15 minutes in this position. With 
the patient still in the tilted position, 75 mg. of hexamethonium ion were then introduced 
through the catheter directly into the pulmonary artery over a period of 15 minutes, <A 
final set of determinations was obtained 30 minutes after the beginning of injection. 

The zero point selected for the recording of central pressures was 10 em. above the 
posterior surface of the thorax in the fourth intercostal space, and that for the brachial 
artery pressure in a fixed position flush to the skin surface of the left antecubital fossa. 
The Statham strain gauge employed for central pressure transduction was attached to the 
x-ray table by an adjustable metal holder, and the metal table top where the left arm 
rested in a 90-degree lateral extension and perpendicular to the sagittal plane of the body 
was likewise attached to the table. In this fashion, when the table was tilted, the body 
and arm of the patient and both gauges maintained the same relative locations as during 
the horizontal position. 

Total pulmonary resistance (Pu. T. R.) was caleulated according to the standard 
formula: 


Mean pulmonary artery pressure in mm. of Hg x 1,332 





‘Cardiae output in milliliters per second 





und expressed as C. G. 8. dyne units. No attempt has been made to present and interpret 
alues for the estimated total peripheral resistance. Since it is known that the changes in 
femoral and brachial arterial pressures induced by tilting are directionally opposite,5 it 
vould appear invalid to report and attach significance to such data, 
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TABLE I. Errect oF HEAD-DOWN Ti? 








B.S. 0,€ | C. I. | PERCENT 
| (PER M2) | POS. H. R. (ML./M.2/MIN.) | (L./M.2/MIN.) | ART. SAT, 
(%) (%) (%) 
83 H 80 115 3.31 94.4 
= yj — 3.7 110 —4.3 3.40 + 2.7 95. 
TC-6 88 +10.0 114 0.9 3.25 1.6 95. 


PATIENT 





rn 


H 70 104 2.33 94.6 
‘4 69 » Z. 101 2.9 2.19 —- 6.0 95. 
TC-6 86 2.8 104 2.46 5.6 96.2 


H 67 142 3.8 93. 
T 64 - 4.5 143 3.0 bd 94.6 
TC-6 74 +10.4 138 a. 3.96 Fe) 93.5 


65 H 82 96 Ze 94. 
82 0 103 703 ae +11. 95.5 
118 +10.8 99 3. OF + 8.6 95.4 


74 80 2: 95.4 
73 - 13 86 +7.5 2.23 + 8.8 96.4 
98 +32.4 85 +6.3 2.2 9.2 98.1 


; : horizontal, T = 35 degree head-down tilt, TC-6 = tilt with C-6, O.C oxygen consump- 
tion, C, I. = cardiac index, B. S. = body surface, Pos. = position, H. R. heart rate. 


TABLE II. Errect or HEAD-DOWN TILT AND 


B.S. | | H. R Oc | GL PER CENT 
PATIENT | AGE |(PERM2)| pos. (PER MIN.) |(ML./M.2/MIN.) | (L./M.2/MIN. ) ART. SAT. 


(%) (%) a (%) 
C. B. 63 1.65 H 82 120 2.56 
» 3 $2 0 127 + 5.1 2.50 
TC-6 86 + 4.9 132 +10.0 2. 
H 9] 155 
yy 87 4.6 154 
107 +17.6 148 
H 82 108 2.15 


81 - 1.2 115 
81 rf 108 


Af 
A 


) 
) 
68 110 2.94 


66 £.! 111 + 0 2.98 
74 + 8.8 105 4.é 2.76 


J.J. 61 1.63 H 94 92 2 20 84.6 
By 92 - 2.1 94 + 2.1 3.30 +5.9 BS. 
TC-6 78 17.0 97 + 5.3 2.19 0.4 86.; 


a = horizontal, T = 35 degree head-down tilt, TC-6— = tilt with C-6, O.Cc = oxygen consump- 
tion, C. Il. = cardiac index. 
RESULTS 

The individual data for the normal and emphysematous patients are pre- 
sented in Tables I and II, respectively; averages and significance analyses 
(Fisher’s “‘t”’ test, groups less than 30) are presented in Table III. Significance 
comparisons between some of the data for the normal versus the emphysema- 
tous subjects are presented in Table IV. 

The heart rate showed slight but consistent and significant decreases on 
tilting in both groups. C-6 produced a marked increase in the normal sub- 
jects, but only a slight increase in the emphysematous patients. The increased 
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= 


( 








Pry | 


Ppa 
(MM. Hg) | 


(MM. Hg) 


Ppe 
(MM. Hg) 


Ppa 
(MM. Hg) 


PU. T. B. 
(C.G.S.) 





19/ 8 (13.5) 
23/11 (16.9) 
18/ 9 (14.7) 


20/ 8 (13.6) 
26/13 (18.0) 
22/11 (15.2) 


/3.5 (11.0) 
5.5 (11.2) 

(10.0) 27/10 (18.7) 
29/14 (21.6) 
28/11 (19.1) 


14/ 7 (11.1) 
21/14 (19.1) 
16/10 (13.5) 


17/ 6 (12.2) 
—- 20/11 (16.1) 
- 20/ 8 (14.4) 


(12.9) 
/5.5 (10.8) 


oan 20.5/7.0 (13.5) 
(0.0) 


(%) (%) 
5.0 
8.6 
6.0 


+25.2 
+ 8.9 


+72.0 


+20.0 


+83.8 


+20.6 


+§1.1 
+16.3 


+136.6 
+31.7 

6.2 
10.9 
8.5 


+32.0 
+ 18.0 


+75.8 


+37 .1 


(%) 
102/60 (83.2) 
105/64 (88.2) + 
103/62 (84.8) + 


111/66 (84.7) 
117/71 (86.6) + 2.2 
117/71 (84.8) 0 


114/60 (84.0) 
117/63 (89.1) 


97/59 (77.3) 


92/64 (76.1) 
101/68 (87.0) +14.3 
95/65 (80.4) + 5.6 


6.0 
1.9 


6.1 
- 8.0 


102/72 (82.4) 
105/75 (90.5) + 9.8 
99/71 (80.8) — 1.9 


(%) 
+21.9 
+10.7 


+41.4 


+ 5.6 


+23.9 
+ 9.4 


+54.9 
+12.3 


+21.7 
+ 8.1 





imp- PRA, RV, PA, PC, BA = 


artery, Pu. T. 
in italics. 


R. = total pulmonary 


pressures in right atrium, 
resistance, 


ventricle, 


mean pressures 


pulmonary 
in parentheses, 


artery, wedge 


and 


brachial 
percentile changes 


(-6 IN FIVE PATIENTS WITH EMPHYSEMA 


Pry 
(MM. Hg) 








Pra 
(MM. Hg) 


Pan 
(MM. Hg) 


Ppa 
(MM. He) 


PU. T. R. 
(C.G.S. ) 


(%) 


Ppa 
(MM. Hg) 


(%) 





(%) (%) 
1.0/ 0.0 (0.4) (15.1) (22.6) 


(32.6) 


(27.5) 


32/12 
44/19 
33/18 


102/57 
109/61 
75/51 


90/60 
96/64 
82/60 


(82.7) 
(88.1) + 6.5 
(66.4) —19.7 


(71.1) 
(81.6) 
(66.7) 


429 
632 
478 


- +44.2 
(18.1) +21.6 
(18.1) 37/16 
46/22 
35/24 


(25.6) 
(32.6) 
(29.8) 


395 
gy 2 


g 
tel ww 
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(26.4) 
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+66.0 
+48.2 


+12.4 


12.0 526 +19.3 
6.0/ 3.0 (4.2) 32/ 6 (24.8) 52/24 (34.6) 
58/27 (40.0) +15.6 


52/25 (36.3) + 4.9 


99/60 (75.1) 
114/69 (87.3) 
93/58 (72.4) 
PRA, RV PA, PC, BA = pressures in right atrium, ventricle, pulmonary artery, 


artery, Pu. T. R. = total pulmonary resistance, mean pressures in parentheses, 
in italies. 
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- 11.2 +30.2 
10.0 (26.6) 10.6 +23.2 
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rate in the normal subjects was significantly greater than in those with em- 
physema. The oxygen consumption showed less than 10 per cent variation in 
each individual instance and no significant change in either group as a whole. 
There was no significant change in the cardiac output either during tilt or 
(-6 administration, and no significant difference in the comparative responses 
of the two groups. 

Tilting produced an increase in the brachial systolic, diastolic, and mean 
pressures in all 10 subjects. The changes were significant in both groups. 
-6 administration in the normal subjects produced variable decreases from 
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ines a BODY TILT, HEXAMETHONIUM IN EMPHYSEMATOUS SUBJECTS 689 
the higher levels recorded during tilt, so that on the whole the average mean 
pressures during horizontal recumbency and during C-6 with tilt were vir- 
tually the same. In the case of the emphysematous subjects, on the other 
hand, C-6 in all instances produced a pronounced decrease in systolic, dias- 
tolic, and mean pressures to levels below those obtained during horizontal re- 
cumbeney. This decrease was significantly different from that occurring in 
the normal group. 

Right atrial and ventricular pressures were obtained in all except two 
subjects (J. C. and V. P., see Table 1) during horizontal reeumbenecy and at 
the termination of the experiments during tilt with C-6. They were not ob- 
tained during tilt alone. In all instances the systolic, diastolic, and mean 
pressures in the atrium were found to be elevated above the control levels. 
In the ventricle, the systolic and mean pressures showed variable changes, 
but the diastolic pressure was greater than in the control period in all sub- 
jects in whom it was measured. 

Tilting produced an inerease in the pulmonary systolic, diastolic, and 
mean pressures of all patients. C-6 led to variable decreases in the systolic 
pressure close to or even below the levels obtained during horizontal reeum- 
heney. The diastolie and mean pressures showed variable decreases, but in 
no situation were they restored to or below the control values. These changes 
(mean pressures analyzed) were significant in both groups, but there was no 
difference in response between the two groups. The wedge pressures demon- 
strated the same sequence of events and significance changes as did the diastolic 
and mean pulmonary artery pressures in respect to individual patients and to 
both groups, singly and comparatively. 

The total pulmonary resistance (Pu. T. R.) increased significantly in all 
instanees during tilt. It increased more in the normal than in the emphysema- 
tous group (433.83 and +24.6 per cent, respectively), but there was no signifi- 
cant difference in response between the two groups. C-6 tended to restore 
Pu. T. R. to near-control levels in both groups, although this change was more 
noticeable in the normal subjects. In one emphysematous patient (A. O., see 
Table IL) the administration of C-6 led to a further inerease in Pu. T. R. rather 
than the decrease which was noted in all the other subjects. In comparing 
statistically the normal with the emphysematous group there appears to be a 
significant difference in the response to C-6 administration during tilted re- 
cumbeney (see Discussion). 


DISCUSSION 


The effects of simple, head-down tilt may be contrasted to the findings of 
Lagerlof and associates’ who investigated in a somewhat similar manner the 
effects of a 30- to 60-degree upright tilt, although the modifying effect of a 
drug such as hexamethonium was not incorporated in their study. In general, 
head-down tilt produces effects on the circulation opposite to those occurring 
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during upright tilt. The oxygen consumption remains unaltered in both di- 
rections of tilt. The lack of change in the cardiac output differs from the r« 
duction noted in head-up tilt® * where presumably a far greater venous reser 
voir is available for gravity pooling of blood over a sustained period of ob- 
servation. Wilkins and associates’? found an immediate, albeit ballistocardio 
graphically estimated, increase of the cardiac output on head-down tilting. 
It is reasonable to accept that such a transient increase occurs, with a later 
return to pretilt levels. The heart rate shows slight but consistent decreases. 

The most interesting findings relate to the central venous and brachial 
arterial pressure changes, where the events are diametrically opposite to those 
occurring in upright tilt. As has been noted, systolic, diastolic, and mean 
right atrial, ventricular, pulmonary arterial and wedge pressures, and brachial 
artery pressure all inereased. Although right atrial and right ventricular 
pressures were not measured during the simple tilt period, measurable in- 
creases in pressure within these chambers were noted in 5 of 6 similar unre- 
ported experiments wherein no attempt was made to impose a modifying 
effect with hexamethonium. The foregoing data may explain in part the 
mechanism of these pressure changes, subject to three assumptions. 

1. There is not enough change in the intrathoracic pressure to account 
for the central vascular pressure changes. 

2. There has been no measurable posterior shift of the heart which would 
alter the relation of the latter to the external transducer. That no change oc- 
curs between the brachial artery and the transducer is evident. 

+. The hexamethonium in the dosage employed produces virtually eom- 
plete autonomie blockade.’ There is no available evidence that it has a direct 
effeet on the myoeardium of intact man. 

The data herein presented cannot be employed either to confirm or deny 
the presently held opinion that the changes in the peripheral arterial pres- 
sures induced by head-down tilting are passive hydrostatic phenomena fol- 
lowed by a secondary vasodepressor response.* *?? The decrease in arterial 
pressure induced by the administration of C-6 during head-down tilt may 
represent a further potentiation of this vasodepressor response by “chemical 
sympathetic blockade.” It is possible that the immediate hydrostatic response 
may be augmented by a proportionate shift of blood volume from the lower to 
the now dependent upper portion of the body at the time that tilting occurs. 
Simultaneous arm and leg plethysmographic studies might be of help in 
settling this point. 

The interpretation of the pressure changes in the eardiopulmonary bed is 
further complicated by the interposition of the cardiac reservoir in the system 
and by possible changes in the intrathoracic pressure induced by tilting. The 
increase in the wedge pressure may be due to constriction of the vascular bed 
between the catheter tip and the left atrium; it may represent increased filling 
with incomplete diastolic emptying and trapping of blood in the left (in addi- 
tion to the right) chambers of the heart; or it may be the sum of both factors. 
The reduction of all pressures subsequent to C-6 administration would tend to 
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favor the first view. The failure of C-6 to reduce the wedge pressure, the pul- 
monary diastolic, the right ventricular end-diastolic, and the right atrial pres- 
sures to control levels supports the latter possibility. 

Added support for the thesis that both factors are operative in the cardio- 
pulmonary bed during head-down tilt comes from the investigations of Bon- 
durant and Hickam? on the effects of acute pulmonary vascular engorgement 
produced by inflation of a “G-suit’’ around the lower extremities and waist of 
human subjects. In those experiments there was an immediate and marked 
increase in central venous (right atrial) pressure and a decrease in pulmonary 
compliance. Thereafter, there was a progressive reversal of these phenomena, 
although a complete return to control levels was not effeeted while inflation 
was sustained. Pretreatment with large doses of C-6 significantly reduced, 
without abolishing, the rise in central venous pressure although there was still 
a significant compliance fall. 

The added possibility exists that a portion of the pressure increases pro- 
dueed by tilting and the failure of the pressures to decrease to the horizontal 
recumbent levels following the administration of C-6 may be due to changes 
in intrapleural pressure. Blair and Hickam’ have demonstrated the occur- 
renee of a progressive decrease in the functional residual capacity of normal 
and emphysematous subjects during a change from the upright to the hori- 
zontal recumbent and to the 30-degree head-down Trendelenburg positions. 
This could be associated with a decrease in the intrapleural negative pressure 
and an apparent increase in the cardiopulmonary pressures. 

Of interest is the demonstration that the cardiac output, as determined 
during stabilized periods, was shown not to differ from the values recorded 
during horizontal recumbency. This would indicate that a change in the total 
cardiae output is not a contributing factor to the pressure inereases noted 
during sustained tilt. 

The response to tilt of the two groups of patients in these experiments 
was similar in all recorded parameters (Tables II] and 1V). The administra- 
tion of C-6 in the tilted position did lead to a significant difference in response 
of the heart rate and the brachial artery pressure. It has been previously 
shown that intravenously administered C-6 produces a noticeable increase in 
the heart rate of horizontally recumbent normal subjects’® and virtually no 
change in that of patients with emphysematous pulmonary hypertension 
despite a pronounced decrease in the brachial artery pressure,"! the difference 
being highly significant. This interesting phenomenon is reproducible when 
('-6 is administered during head-down tilt and is unexplained. Similarly, C-6 
viven during horizontal reecumbeney produced a generally greater fall in the 
brachial arterial pressure of emphysematous subjects than in normal indi- 
viduals, although the difference was not statistically significant.‘ In the 
present experiments, tilting did not prevent a marked decrease in the brachial 
artery pressure in the emphysematous subjects, as it did in the normal ones. 
Although this difference in response was significant, it must be noted that the 
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patients with emphysema were older than the control subjects, and the ex- 
cessive hypotensive response of older people to “ganglion blocking” agents 
must be taken into account as a possible cause. None the less, we have seen 
excessive hypotensive responses to such agents in young individuals with 
severe pulmonary hypertension, and we do not believe that the entire ex- 
planation lies in the age difference. It is worth noting that “hypotensive 
agents” should be used with caution in severely emphysematous patients re 
gardless of their age. 

On statistical analysis there appears to be a significant difference between 
the normal and the emphysematous groups in the response of the Pu. T. R. to 
C-6 with tilt (Table IV), although the average reduction of the Pu. T. R. was 
virtually the same in the two groups. This was due to the fact that in one 
emphysematous patient (A. O., see Table I1) an actual inerease was caleulated. 
At the risk of appearing to employ statistical license, it must be noted that 
minor errors ineurred during computation of the cardiac output and the meas- 
urement of pressure pulses, may magnify an erroneous disparity in the esti- 
mation of resistances. Exclusion of the data of Patient A. O. in the analysis 
abrogates the recorded difference. It would appear justifiable to conclude 
that the two groups showed no difference in the response of the Pu. T. R. to 
C-6 with tilt. 

SUMMARY 


1. The influence of a 35-degree total head-down body tilt and the modify- 
ing effects of acutely administered hexamethonium on the ecardiae output, 
the central venous and the brachial artery pressures has been studied in 5 
normal individuals and in 5 subjects with pure, emphysematous pulmonary 
hypertension. 

2. Tilting sustained for 15 minutes produced consistent slight decreases 
in the heart rate and measurable inereases in central venous and brachial 
artery pressures and in total pulmonary resistance of all subjects, without 
alteration of the cardiac output. 





3. Intrapulmonary arterial administration of hexamethonium during sus- 
tained tilt produced a partial reversal of all phenomena, again without altera- 
tion in the cardiae output. In this phase a significant difference was noted 
between the two groups of subjects, relevant to the response of the heart rate 
and the brachial artery pressure. 

4. The data indirectly suggest that the cardiopulmonary pressure changes 
induced by sustained head-down tilting may be the resultant of an increased 
eardiopulmonary blood volume (without a change in the eardiae output), 
active vasomotion in the pulmonary vasculature, and a possible inerease in 
the intrapleural pressure. 

5. No alternative explanation is offered for the opinion expressed by 
others that the immediate increase in brachial arterial pressure following 
head-down tilting is due to a passive hydrostatic phenomenon followed later 
by a secondary vasodepressor readjustment. 
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HYPERGAMMAGLOBULINEMIA, CIRCULATING ANTICOAGULANT, 
AND BIOLOGIC FALSE POSITIVE WASSERMANN REACTION 


A Strupy in Two Cases 


ANNA-Brita LAURELL, M.D., AND INGA Marte NILsson, M.D. 
MALMO, SWEDEN 


T has long been known that positive serologie reactions for syphilis do not 

necessarily constitute evidence of the disease; for example, positive reactions 
sometimes occur in infections of the upper respiratory tract, arthritis, mononu- 
cleosis, hepatitis, hyperproteinemia and, though rarely, in the absence of any 
demonstrable pathologie condition. 

In recent years, interest has been focused on so-called chronic, biologic false 
positive reactions; i.e., reactions not referable to any particular acute disease 
and persisting unchanged for more than 6 months. Thus, Moore and Mohr,'* "' 
reported that such false positive reactions are fairly common in many of the 
collagen diseases. They also pointed out that ‘‘the chronic biologie false posi- 
tive phenomenon far from being innocuous may be the earliest manifestation of 
a serious underlying process, particularly collagen disease.’’ Haserieck and 
Long,® described a series of patients with disseminated lupus erythematosus 
showing false positive serologie reactions for syphilis. They observed that these 
positive reactions preceded the onset of the clinical symptoms by 1 to 7 years. 

Recently Frick® described 3 cases of collagen disease with acquired cireulat- 
ing anticoagulants. In these patients the sera also gave positive reactions for 
syphilis. Earlier reports of cireulating anticoagulants in conditions that may 
be conceived as collagen disease are also on record.*** * '7 15 Thus, of 43° pa- 
tients with disseminated lupus erythematosus, Lee and Sanders'*® demonstrated 
excess anticoagulant in 7. 

The present paper is concerned with 2 cases of collagen disease with hemor- 
rhagie diathesis. Sera from these 2 patients contained circulating anticoagulants 
with antithromboplastin effect and gave biologie false positive reactions for 
syphilis. An attempt was made to determine whether the anticoagulating effect 
and the positive reactions with lipid antigen were ascribable to one and the 
same causal factor. 

METHODS 

Wassermann’s reaction was carried out according to Kabat and Mayer’s directions!” 
for complement fixation tests with cardiolipin and with a crude antigen (Laurell,12 p, 54). 

Coagulation Studies——Unless otherwise stated, the materials and methods used for the 
clotting tests were the same as those described by Nilsson and Wenckert.19 Human-brain 
thromboplastin prepared according to Owren and Aas?0 was used regularly except for some 


special tests in which rabbit-brain thromboplastin and bovine-lung thromboplastin were em 
ployed. 


From the Bacteriological Institute, University of Lund, Malmé, Sweden. 
Received for publication Aug. 27, 1956. 
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Preparative Paper Electrophoresis.—This was done by the method described by Laurell.12 
The anticoagulant activity of each of the serum fractions separated by paper electro- 
phoresis was studied in the following way:. 0.2 ml. of normal human citrated plasma + 0.2 
ml, of thromboplastin diluted 1:100 in saline (or 0.2 ml. of Russell viper venom* in dilution 


1:100) + 0.2 ml. of the serum fraction to be tested (or 0.2 ml. of buffer for control) + 0.2 
ml. of 30 mM CaCl, solution. 


CASE REPORTS 


‘ase 1.—The patient was a married woman, born in 1882. There was no family history 
of hemorrhagic disease. During the years 1906 to 1923 the patient was pregnant 5 times, 
hut regularly aborted in the third month. These abortions were followed by severe menor- 
rhagia, for which a hysterectomy was done in 1924. The patient received no blood trans- 
fusions. Since then the woman has almost continuously had widespread subeutaneous 
hematomas, often without any known trauma, and an increased bleeding tendency in associa- 
tion with accidents and tooth extractions. In addition, and for some unknown reason, the 
sedimentation rate of red cells has been increased in the last 20 years (80 to 100 mm. in 
one hour). The patient has had intermittent joint pain, but no joint deformities have 
These joint symptoms are not severe, and the disease was never classified as 
rheumatoid arthritis. Cholecystectomy was performed in 1953. 
was complic: 


developed. 


The postoperative course 
ited by intra-abdominal bleeding and severe shock for which she received several 
blood transfusions. At that time no clotting studies were performed. In August, 1955, the 
patient was admitted to hospital because of deep hemorrhage in the right leg. On that 
occasion, she also had extensive hematomas on different parts of the body but no petechiae 
or mucosal bleeding. Apart from the hematomas, physical examination revealed nothing of 
interest. Ophthalmologic examination showed no abnormalities. Roentgen examination of 
the skeleton and abdomen revealed no signs of a pathologic condition. Blood coagulation 
studies were performed, and the patient was found to have a coagulation time of more than 


2 hours. It was demonstrated that this clotting defeet was due to the presence of a 


circulating anticoagulant. Samples collected after blood transfusions showed no shortening 


of the elotting time. The clotting defect did not respond to ACTH either. 


Laboratory Findings.—Hemoglobin 9.0 to 11.5 Gm. per 100 ml. Erythrocyte count 
4.1 to 3.6 million per ¢.mm. Hematocrit 30 per cent, Leukocytes 2.400 to 6.400 per e.mm., 
With a normal differential count. Reticulocytes 1.4 to 5.4 per cent. No L. E. cells were 
demonstrable in the blood. The sternal marrow was normal. Erythrocyte sedimentation 
rate (Westergren) S80 to 114 mm. per 1 hour. Blood group A Rh+. 


Total. serum proteins 
8.4 Gm. per 100 ml. 


Electrophoretic protein pattern: Gm. per 100 ml: Albumin 4.75, a@,-globulin 0.29, 


a, globulin 0.77, B-globulin 0.93, y-globulin 1.67. The y-globulin increase was of that type 
seen in chronic infections and collagen diseases. Thymol turbidity test: normal. Zine 


turbidity 9 units. Serum bilirubin 0.5 mg. per 100 ml. Nonprotein nitrogen 45 to 55 mg. 
per 100 ml. 


The urine showed traces of albumin; occasionally erythrocytes and leukocytes in the 
sediment, 

Serologic Tests——Wassermann’s reaction was positive with both crude antigen and 
cardiolipin; Kahn’s standard flocculation test ++. Meinicke’s clarification test was positive, 
but microscopic examination revealed an irregular flocculation of atypical appearance. The 
VDRL test was positive, but the flocculation was not typical. Kahn’s verification test11 sug- 
vested a false positive reaction. 

It is true that the entire battery of serologic tests with lipid antigen gave positive 
reactions, but the irregular flocculation in the Meinicke and VDRL tests and the results in 
ahn’s verification test argued for a biologic, false positive reaction. 


This was confirmed 
by the TPI test, which was negative. 


*The product supplied by Burroughs Wellcome Company, London. 
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For more than a year, the patient has been examined on various occasions, always with 
the same type of serologic reaction for syphilis. The patient should therefore be regarded 
as a chronic, biologic, false positive reactor.15 

Coombs’ test: negative. No cold agglutinins or irregular erythrocyte agglutinins were 
demonstrable. Bunnell’s test: negative. Widal’s reaction: negative. No agglutinins 
against sensitized sheep erythrocytes could be demonstrated. 

Clotting Studies—It is apparent from the results obtained in the routine clotting 
studies (Table I) that the clotting time and the recalcification time were prolonged. The 
one-stage prothrombin time with human-brain thromboplastin also was prolonged. 


Tests with a mixture of citrated plasma from the patient and citrated normal plasma 
in varying proportions revealed that the clotting defect was due to an anticoagulant factor. 
On addition of 1 part of the patient’s plasma to 9 parts of normal plasma, the recalcification 
time of the normal plasma was increased from 118 seconds to 445 seconds, and on addition 
of 1 part to 99 parts the clotting time was 215 seconds. Not until it was added to a con- 
centration of 10 per cent did the patient’s plasma prolong the recalcification time of normal 
plasma in the presence of undiluted thromboplastin. 


On the other hand, it was not possible to correct the prolonged clotting time of th 
patient’s plasma by addition of normal plasma. 


1. Test for anticoagulant in the second stage of the clotting process: The fibrinogen 
content of the blood was slightly increased. No plasmin activity was demonstrable. The 
addition of thrombin in decreasing concentrations had the same effect on the patient’s plasma 
us on control plasma. Thus, no disorder could be demonstrated in the second stage of the 
clotting process, 

2. Test for heparin: Addition of protamine hydrochloride in increasing concentrations 
to blood or plasma of the patient had no shortening effect on the prolonged clotting times. 

3. Test for anticoagulant against prothrombin and proconvertin: Owren’s P & P 
method20 gave a value of 80 per cent and the two-stage assay of prothrombin22 a value of 
200 units of prothrombin per milliliter of plasma, 

Addition of 1:10 volume of the patient’s plasma to Dicumaro] plasma reduced the 
one-stage prothrombin time of the Dicumarol plasma to the prothrombin time of the 
patient’s plasma. 

Plasma from a patient with so-called congenital proconvertin deficiency was available. 
The one-stage prothrombin time of that plasma was 120 seconds, but addition of 1:10 volume 
of the patient’s serum shortened the time to 34 seconds. These findings militate against the 
patient ’s anticoagulant being directed against prothrombin or proconvertin. 

4. Test for anticoagulant against Factor V: As a source of Factor V deficiency plasma 
we used stored human oxalated plasma. The prolonged one-stage prothrombin time of the 

stored plasma was corrected by addition of 1:10 volume of the patient’s plasma. Thus, 
nothing suggested that the patient’s anticoagulant was directed against Factor V (pro- 
aceelerin). 

5. Test for anticoagulant in the first stage of the clotting process: Fig. 1 gives the 
thromboplastin titrations for the patient’s plasma and normal plasma. The more the 
thromboplastin was diluted the more the coagulation time was prolonged, not only when the 
patient’s plasma was used as test base but also when normal plasma was mixed with one- 
tenth of the volume of the patient’s plasma. It is also apparent that the patient’s plasma 
was not normalized by the addition of normal plasma. Similar curves were obtained when 
rabbit-brain thromboplastin, thromboplastin prepared from bovine lungs, and also when 
Russell viper venom was used instead of human-brain thromboplastin. These experiments 

dicated the existence of an antagonism between the patient’s anticoagulant and different 
nds of thromboplastin. 

If the anticoagulant were directed against antihemophilic globulin, one might expect 
ie patient’s plasma to have a pronounced prolonging effect on hemophilic plasma. Addition 
f 1:10 volume of the patient’s plasma to hemophilia A plasma, increased its recalcification 
me only from 12 minutes to 14 minutes, 
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Addition of purified Cohn’s Fraction I, containing the antihemophilic globulin A i: 
high concentration did not shorten the clotting time of the patient’s plasma. These findings 
suggest that the anticoagulant is not an anti-antihemophilic globulin. The prolonged one 
stage prothrombin time also argues against the anticoagulant being an anti-antihemophilic 
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1.—Titration, with human-brain thromboplastin, of citrated plasma from Case | 


and of normal citrated plasma. 


Clotting mixture: 0.2 ml. of citrated plasma + 0.2 ml. of thromboplastin in decreasing 
concentrations + 0.2 ml. of 30 mM CaCl: solution. 


The platelet count was slightly below normal. When the patient’s serum was added 
ght) I 


to platelets prepared from normal blood or from the patient’s blood, they did not agglutinate 
or disintegrate. Addition of a normal platelet suspension (1.6 x 109 platelets per milliliter) 
had no effect on the one-stage prothrombin time or the recalcification time. In the thrombo 
plastin generation test the patient’s platelets had the same effect as normal platelets. The 
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effect of the patient’s platelets on normal deplatelized plasma was the same as that of 
normal platelets, Thus, nothing suggested the patient’s platelets being responsible for the 
clotting defect. 

The thromboplastin generation test according to Biggs and co-workers! was modified 
in the present investigation in that the platelet suspension was prepared according to de 
Vries and associates.21 The intrinsic thromboplastin was tested on citrated plasma collected 
with silicone technique and centrifuged at 16,000 g for 25 minutes. The results of the 
thromboplastin generation test with various mixtures of normal and patient’s reagents are 
recorded in Table II. The presence of an inhibitor in the patient’s adsorbed plasma and 
serum is apparent. It is also apparent that intrinsic thromboplastin obtained from normal 
reagents only loses its activity if the patient’s citrated plasma is used as a test substrate. 
Addition of 1:10 volume of the patient’s plasma to the normal citrated plasma was sufficient 
to produce a considerable decrease in the activity of the normal intrinsic thromboplastin. 


TABLE II. THROMBOPLASTIN GENERATION TEST IN CASE 1 








~ RESULTS OF THE THROMBOPLASTIN 
GENERATION TEST 
INTRINSIC THROMBOPLASTIN IN PER CENT 





SOURCE OF THROMBOPLASTIN COMPONENT | OF NORMAL 
: SOURCE OF PLATELET-FREE PLASMA 

PLATELETS ADSORBED NORMAL + 

600000 PLASMA SERUM FURTHER 1:10 VOLUME 
PER C.MM. DIL. 1:5 DIL. 1:10 ADDITION | | OF PATIENT’S 

ANA PARTES | NORMAL PATIENT | PLASMA 

Normal Normal Normal Saline 100 13 52 
Patient Normal Normal Saline 100 
Patient -atient -atient Saline 17 4 
Normal -atient -atient Saline 20) 
Normal Patient Normal Saline 45 Ss 
Normal Normal Patient Saline 47 12 
Normal Normal Normal Patient ’s 30 


serum in 

Normal Normal -atient Normal 43 
serum in 

Normal -atient Normal Normal 10 
plasma in 


dil. d ~ 


It was not possible to correct the inadequate thromboplastin formation obtained with 
the patient’s components by addition of normal thromboplastin components in excess. 
Since this patient had almost a normal prothrombin value (80 per cent) and normal Fac- 
tor V aetivity, it should reasonably imply that the anticoagulant of the patient’s plasma 
prevents the action of intrinsic thromboplastin. 

From these observations on the mode of action of the anticoagulant it was inferred 
that the anticoagulant inhibits the activity of thromboplastin. 

Case 2.—-The patient was a IV-para, born in 1889. There was no familial history of 
hemorrhagie disease. Menstruation had been normal. The menopause had occurred at the 

g 
had been increased (80 to 100 mm. per one hour) and she had had mild normochromic 
auemia, At least since 1949, deep and subcutaneous hematomas had occurred frequently, 


age of 45. Since 1935 (she was then 46 years of age) the erythrocyte sedimentation rate 


usually after mechanical stress. She had never noticed any petechiae or mucosal bleeding. 
She was admitted to hospital in 1954. The possibility of liver cirrhosis was considered, but 
a art from a slight increase in the y-globulin, no evidence was available to support such a 
diagnosis. 

One of us (I. M. N.) carried out clotting studies. The clotting time varied between 
‘' minutes and 60 minutes. The clotting defect was due to a circulating anticoagulant active 
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in the first stage of coagulation, Blood transfusions had no effect on the clotting time. lh 
July, 1955, the patient again was admitted to hospital. She had widespread hematomas 01 
the arms and legs and, during her stay in hospital, gross hematuria was also often observed. 
Ophthalmologic examination showed nothing of interest. The body temperature was elevated, 
and roentgen examination revealed bilateral pleural exudates and changes in the parenchyma 
of the right lung. Antibiotics produced no demonstrable effect. 

The patient died on September 1. Post-mortem examination revealed: myocardial 
fibrosis and coronary sclerosis; hydrothorax; ‘‘local scars from liver necrosis but no signs otf 
liver cirrhosis’’; signs of generalized hemorrhagic diathesis with subarachnoid hemorrhages 
and bleeding in the renal pelvis; nephropathy, partly glomerulopathy of the same appearance 
as that seen in collagen diseases and partly nephrosclerosis; and an organized embolus in 
the pulmonary artery. 

Laboratory Findings (1955).—Hemoglobin 8.2 to 10.2 Gm. per 100 ml. Erythrocyte 
count 2.3 to 3.2 million per c.mm. Hematocrit 21 per cent. Leukocytes 3.600 to 4.400 per 
¢.mm, with a normal differential count. No L. E, cells could be demonstrated in the 
blood. The sternal marrow was normal. Erythrocyte sedimentation rate (Westergren) 
70 to 132 mm, per one hour. Total serum proteins 7.6 Gm. per 100 ml. 

Electrophoretic protein pattern: Gm. per 100 ml.: albumin 3.60, a,-globulin 0.51, 
a,globulin 0.84, 8,-globulin 0.56, §8,-globulin 0.44, a-globulin 1.65. The electrophoretic 
pattern was thus of the same type as in Case 1. Zine turbidity 8 units. Thymol turbidity 
test: normal. Serum bilirubin 0.7 mg. per 100 ml. Nonprotein nitrogen 42 to 70 mg. 
per 100 ml. Esbach 0.05 per cent, occasionally erythrocytes in the sediment. 


Serologic Tests. 





The Wassermann reaction, Kahn reaction, and the Meinicke clarifica 
tion test were performed in 1945, 1946, 1949, 1954, and 1955. 

1945: The Wassermann test showed a doubtful reaction. Flocculation reactions: 
negative. 

1946 and 1949: The Wassermann and flocculation reactions were negative. 

1954: The Wassermann reaction was negative. The flocculation tests showed doubtful 
reactions, 

1955: The Wassermann reaction was weakly positive. The flocculation tests were not 
performed because only a small amount of serum was available, and the patient had died. 

No cold agglutinins were demonstrable. Bunnell’s reaction: negative. Widal’s reac 
tion: negative. No agglutinins against sensitized sheep erythrocytes were demonstrated. 

Clotting Studies.—The clotting, recalcification, and one-stage prothrombin times were 
increased (Table I). 

As in the first case, the patient’s plasma and serum had a pronounced anticoagulating 
activity and 1:100 volume of the patient’s plasma doubled the recalcification time of normal 
plasma. The patient’s plasma was studied in the same way as that in Case 1 and the anti 
coagulant was found to have just the same properties. On titration with various sorts of 
thromboplastin, this patient’s plasma reacted in the same way as that in Case 1, and in the 
thromboplastin generation test the patient’s anticoagulant inhibited the effect of intrinsic 
thromboplastin. 

Admixture of plasma from Case 1 to plasma from Case 2 did not influence the clotting 
times. This is in line with the assumption that Cases 1 and 2 had anticoagulants with the 
same mode of action. As plasma from a patient with a circulating anticoagulant directed 
against antihemophilic globulin was available,18 it was used to study the anticoagulant of 
Case 2. A marked prolongation of the clotting time was obtained by adding diluted plasma 
of Case 2 to the anti-antihemophilic plasma, The same results were obtained when using 
the plasma of Case 2 as the base and adding diluted plasma of the anti-antihemophilic 
patient. This indicates that these patients had anticoagulants which differed in their mode 
of action. 


PROPERTIES OF THE ANTICOAGULANTS IN CASES 1 AND 2 


The anticoagulants were present not only in plasma but also in serum. 
The anticoagulants were not dialyzable. They were not adsorbed to BaSO, or 
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Ca;(PO,). or to kaolin. Also the Wassermann reagins remained in the serum 
after absorption with Ca,(PO,).. After heating at 56° C. for 30 minutes, the 
anticoagulants lost 50 per cent of their activity. They were not completely 
inactivated until after heating at 70° C. for 15 minutes. After storage of serum 
at +5° C. for 7 weeks, the anticoagulants were still demonstrable. After double 
extraction of the plasmas, each time with two volumes of ether, the anticoagu- 
lants remained in the plasmas. 


PREPARATIVE PAPER ELECTROPHORESIS OF THE SERA 
In order to determine the rate of migration of the Wassermann reagins 
and of the anticoagulants, sera from these patients were fractionated by 
preparative electrophoresis. The fractions obtained were examined for their 
reaction in the Wassermann test and for the occurrence of antithromboplastin. 
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_Fig. 2.—Wassermann reaction and antithromboplastin activity of the various fractions 
obtained on electrophoresis of serum from Case 
Abscissa: The various electrophoretic fractions. 
Ordinate left: Dilution of fractions used in the Wassermann reaction. 
Ordinate right: Clotting time in seconds after addition of aliquots of the various fractions. 
- Titer against the crude antigen. 
——-—— Titer against cardiolipin. 
e —-e —e Clotting time in seconds of citrated plasma with thromboplastin in dilution 





watt aa Clotting time in seconds of citrated plasma with Russell viper venom in 
The arrow indicates the starting point of the electrophoresis. 
g 
In both cases (Figs. 2 and 3) the Wassermann reagins as well as the anti- 
coagulating factor were demonstrated in the y-globulin fractions. It was of 
interest to note that although serum from Case 2 gave only a slightly positive 


reaction in the Wassermann test, its separated y- and f.-globulins showed dis- 
‘inet serologic activities. 
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The y-globulins from sera from these patients and from normal sera frac 


tionated in the same manner were not found to possess antithrombin activity 


After fractionation of 10 normal sera no antithromboplastin activity was 
demonstrable in the y-globulins. 

In order to check whether positive reactions in the serologic tests foi 
syphilis were a property related to an antithromboplastin effect in the serum, 
6 biologic false positive sera and 3 syphilitic sera were studied for any anti- 
thromboplastin effect in unfractionated sera and in electrophoretically separated 
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Fig. 3.—Wassermann reaction and antithromboplastin activity of the various fractions 
obtained on electrophoresis of serum from Case 
Abscissa: The various electrophoretic fractions. 
Ordinate left: Dilution of fractions used in the Wassermann reaction. 
Ordinate right: Clotting time in seconds after addition of aliquots of the various fractions 
— Titer against the crude antigen. 
— — — — Titer against cardiolipin. 


x—x—-x Clotting time in seconds of citrated plasma with thromboplastin in dilution 
1:100. 


The arrow indicates the starting point of the electrophoresis. 


serum fractions. No antithromboplastin effect was found in the unfractionated 
or fractionated serum samples. These biologic false positive sera were from 
patients with cancer of the esophagus; Jackson’s syndrome; myelogenous leu- 
kemia; duodenal uleer; chronic valvular heart disease, subacute bacterial endo- 
-arditis, polyposis of the intestine; reticulum-cell sarcoma. None of these 
patients showed evidence of collagen disease. 
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Since the antithromboplastin factor and the Wassermann reagins showed 
the same electrophoretic mobility, it was considered of interest to investigate 
how the Wassermann reagins and antithromboplastin behaved after absorption 
of sera with lipid antigen and with thromboplastin, respectively. The following 
experiments were carried out with serum from Case 1. 

To 0.35 ml. of Kahn antigen and cardiolipin, respectively, 0.5 ml. of NaCl (4 Gm. per 
100 ml.) was added, after which the tube was centrifuged. To the sediment was added 
2 mi. of serum, or fraction of serum after which the sample was allowed to stand for 1 hour 
at + 20° ©. The sample was centrifuged and the clear supernatant was tested in the 
complement fixation test with the crude antigen and with cardiolipin. A sample that had 
not been absorbed was tested simultaneously. 
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Fig. 4.—Titer in Wassermann reaction and antithromboplastin activity in the _ electro- 


hesslat teatime of ae Gaan Cams 4 before and after absorption of the various fractions 
with Kahn antigen. 


Abscissa: The various electrophoretic fractions. 

Ordinate left: Dilution of fractions used in the Wassermann reaction. 

Ordinate right: Clotting time in seconds after addition of aliquots of the various fractions. 
—_—_—__— Titer of the fractions (not absorbed) against the crude antigen. 


——-— Titer of the fractions (not absorbed) against cardiolipin. After absorption 
no reaction in the Wassermann test could be demonstrated. 


x—x—x Clotting time in seconds before absorption of the fractions with Kahn antigen. 
e —e —e Clotting time in seconds after absorption of the fractions with Kahn antigen. 


The result showed that the Wassermann reagins were not absorbed from 
whole serum with Kahn antigen or cardiolipin. The antithromboplastin effect 
in the serum persisted likewise unchanged after the absorption procedure. The 
absorption experiment with cardiolipin was also earried out at +4° C. and 

7° C. with 3 suecessive absorptions without any marked decrease in the titer 
cf the Wassermann reagins. Neither was any decrease in the antithromboplastin 
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activity demonstrable. Serum was also absorbed with cardiolipin in the pres- 
ence of complement, but no change was found in the titer of the Wassermann 
reagins or in the antithromboplastin activity. 

Similar absorption experiments were carried out with Kahn antigen and 
cardiolipid antigen on the various electrophoretically separated serum fractions. 
The results of these experiments are given in Figs. 4 and 5. The activity of 
the antithromboplastin decreased by at least 50 per cent when the fractions 
were absorbed with the two antigens. 
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Fig. 5.—Titer in Wassermann reaction and antithromboplastin activity in the electro- 
phoretic fractions of serum from Case 1 before and after absorption of the various fractions 
with cardiolipin. 

Abscissa: The various electrophoretic fractions. 

Ordinate left: Dilution of fractions used in the Wassermann reaction. 

Ordinate right: Clotting time in seconds after addition of aliquots of the various fractions. 

————-——— Titer of the fractions (not absorbed) against the crude antigen. 

—-—-—— Titer of the fractions (not absorbed) against cardiolipin. 

See text concerning the titer in Wassermann test after absorption of the fractions. 

x—xX—-xX Clotting time in seconds before absorption of the fractions with cardiolipin. 

e —e —e Clotting time in seconds after absorption of the fractions with cardiolipin. 


After absorption with Kahn antigen the Wassermann reaction turned nega- 
tive in all the fractions. A decrease in the titer of the Wassermann reagins hy 
at least 2 dilution steps occurred when the absorption was carried out with 
eardiolipin. 

Corresponding absorption experiments were not carried out on serum from 
Case 2, because no serum sample was available. 

Human-brain thromboplastin was added to y-globulin fractions from Cases 
1 and 2 and to the y-globulin fractions from normal sera. The samples were 
then heated at 80° ©. for 30 minutes in order to inactivate the anticoagulating 
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factor. The thromboplastin lost only 20 per cent in activity by this procedure. 
The remaining thromboplastin activity in the samples was measured; after 
incubation with the patient’s y-globulin fraction, the thromboplastin had de- 
creased in activity but not after incubation with the y-globulin fraction from 
normal sera (a clotting time of 33 seconds was obtained with the normal 
y-globulin fractions as against 56 to 60 seconds with the y-globulin fractions 
of the patients). This implies that part of the thromboplastin was consumed 
during the incubation with the y-globulin fractions of the patients. This was 
in line with the foregoing findings that the anticoagulants of Cases 1 and 2 
were antithromboplastins. 

Corresponding experiments with thromboplastin absorption were carried 
out on unfractionated serum, whereby the antithromboplastin activity decreased 
by 50 per cent. On titration in the Wassermann reaction before and after 
absorption of serum with thromboplastin, no difference was observed in the 
titer of the Wassermann reagins. Neither could any difference be demon- 
strated when the absorbed and nonabsorbed serum were tested in the Kahn’s 
reaction. 

DISCUSSION 


Sera from 2 patients with hypergammaglobulinemia were studied. Both 
sera gave biologie false positive reactions in the serologic tests for syphilis and 
contained circulating anticoagulants that counteracted the effect of thrombo- 
plastin. After electrophoretic fractionation both the Wassermann reagins and 
the antithromboplastin were found to be localized to the y-globulins. Since the 
anticoagulant factor inhibited various thromboplastin preparations containing 
lipoids, it was thought that the abnormal components—the antithromboplastin 
and the reagins active with lipid antigen—might be identical. This possibility 
was strengthened by the fact that we were able to absorb both the Wassermann 
reagins and the anticoagulant factor from the y-globulin fractions with Kahn 
antigen and eardiolipin. Of earlier reports on circulating anticoagulants, men- 
tion might be made of Lozner and associates't and Conley and Hartmann,’ who 
also found positive reactions in the serologie tests for syphilis. Frick® described 
3 cases with collagen diseases in which he demonstrated circulating antithrombo- 
plastins and, secondly, biologie false positive reactions for syphilis. Frick 
followed up a child of one of his patients from birth. At birth the serum from 
that child showed positive serologic reactions for syphilis as well as antithrombo- 
plastin effect. After 3 months the antithromboplastin effect disappeared, while 
the positive reactions for syphilis persisted for 6 months. Frick therefore 
expressed the view that there was no primary interrelation between these two 
disturbanees. However, he showed similarities in the physicochemical proper- 
ties of the two factors responsible. Frick did not, however, work with absorp- 
tion technique or fractionated sera. 

In our experiments deseribed above and in which unfractionated serum was 
absorbed with lipid antigen, however, it was not possible to absorb the Wasser- 
mann reagins; nor was it possible to demonstrate any decrease in the activity 
0! the antithromboplastin. 
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Here then, there was a discrepancy between the whole serum and the elec 
trophoretical fractions obtained. | 

In the experiments with unfractionated serum, absorption was carried out 
twice with a dose sufficient to absorb the reagins from a syphilitic serum with 
high titer. 

Evidence of a difference between the two factors was produced by 
the experiment with the absorption of serum with thromboplastin. Here, the 
antithromboplastin activity decreased by more than 50 per cent while the titer 
in the Wassermann reaction persisted unchanged. 

Both sera showed roughly the same high antithromboplastin activity, but 
serum from Case 1 showed a much stronger reaction in the Wassermann test 
than the serum from Case 2. This may also be accepted as indicating a differ- 
ence between the two factors. 

From these experiments it was thus apparent that the abnormal components 
—the Wassermann reagins and the antithromboplastin factor—oceurring in the 
sera of these two patients were similar in some respects but different in others. 

These results might suggest that serum contains two abnormal components 
of one and the same electrophoretic mobility, but the results might also be 
interpreted as suggesting that the serum contains one abnormal component with 
2 different reactive groups, one interfering with the clotting mechanism and 
the other with properties related to the Wassermann reagins. 

In the collagen diseases, especially in lupus erythematosus disseminatus, 
the following pathologic manifestations often are found, separately or in com- 
bination: (1) positive L. E. cell phenomenon, (2) positive antiglobulin test, 
(3) biologie false positive reactions in the serologie tests for syphilis, and (4) 
sometimes disorders in the blood coagulation mechanism all combined with 
hypergammaglobulinemia. The components in sera causing these disorders 
might be interpreted as antibodies called forth by an autoimmunization process. 


SUMMARY 


who had hypergammaglobulinemia and hemorrhagie diathesis and whose sera 
gave false biologie reactions for syphilis. 


1. An anticoagulant with antithromboplastin effect was found in 2 patients 


2. After electrophoretic separation of the sera both Wassermann reagins 
and antithromboplastin were localized to the same region in the y-globulins. 

3. On absorption with lipid antigen it was possible to remove both the 
Wassermann reagins and the antithromboplastin from the active, separated 
fractions, but neither the Wassermann reagins nor the antithromboplastin from 
unfractionated sera. 

4. On absorption of the sera with thromboplastin, the antithromboplastin 
effect decreased Hy about 50 per cent while the titer of the Wassermann reagins 
persisted unchanged. 

5. The relationship between the 2 abnormal components in these sera 
causing the antithromboplastin effect and the false positive reaction for syphilis 
is discussed. 
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STUDIES ON THE MECHANISM OF CHLORPROMAZINE PROTECTION 
AGAINST BRUCELLA ENDOTOXIN IN MICE 


Ropert S. ABERNATHY, M.D., FRaNz HALBerG, M.D., 
AND WESLEY W. Sprnk, M.D. 
MINNEAPOLIS, MINN. 


INTRODUCTION 


HE injection into mice of appropriate doses of the somatic antigen (endo- 

toxin) prepared from gram-negative bacteria results in varied and severe 
reactions.’ These reactions include changes in body activity, initial granu- 
loeytopenia followed by granulocytosis, an immediate alteration of the twenty- 
four-hour rhythm in body temperature followed by marked hypothermia, 
bloody diarrhea, vasomotor disturbances, and frank vasomotor collapse. 
Death ensues at about 18 to 24 hours following challenge, but body tempera- 
ture approximates room temperature for several hours prior to death.’ Gas- 
trointestinal ulcerations and hemorrhages with widespread capillary damage 
are the prominent features exhibited at autopsy. 

The mechanism of endotoxin activity remains incompletely understood. 
The participation of the adrenal cortex in the host defense seems to be well 
established for endotoxin, as well as for a variety of other noxious agents.** 
lirst, adrenalectomized mice succumb to doses of endotoxin which are not 
lethal for intact mice. Second, adrenalectomized mice exhibit hypothermia 
with much lower doses of endotoxin as compared with intact mice. Third, 
the hypothermia following injection of endotoxin occurs much earlier in 
adrenalectomized mice than in intact mice. Fourth, adrenocorticosteroids 
(corticoids) protect intact as well as adrenalectomized mice against the lethal- 
ity of Brucella endotoxin. Furthermore, in adrenalectomized animals given 
endotoxin, the protective and antihypothermie effects of corticoids are roughly 
proportional. 

This report is concerned with the protection by chlorpromazine (CPZ) 
of intact and adrenalectomized mice against the lethal effect of Brucella endo- 
toxin and the mechanisms of this protection. It will be shown that protection 
against endotoxin with CPZ is not eritically dependent upon the presence of 
the adrenals. It also will be noted that the prolonged survival time in adren- 
aleetomized mice given endotoxin and CPZ is not necessarily related to the 
behavior of the rectal temperature. 


MATERIALS AND METHODS 


Endotoxin prepared from Brucella melitensis by a modified Boivin technique* was sus 
pended in saline and stored at 4° C. until injection. During the course of these experi 
ments, several lots of endotoxin were used. Since comparative studies revealed variable 
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LD, end points by weight for the different lots, measurements of the effects of therapeutic 
agents always were evaluated with reference to an intraexperimental group of mice given 
only endotoxin. Intact animals were challenged with 2 LD, doses of endotoxin, an amount 
ranging from 1.2 mg. to 2.4 mg. of the various lots of endotoxin. Accordingly, 2 mg. was 
given to mice in Experiments I, IV, and VI; 1.2 mg. in Experiment II; 2.4 mg. in Experi- 
ments IIT and VIII; and 2.2 mg. in Experiments V and VII. The adrenalectomized mice 
were consistently challenged with 0.2 mg. of endotoxin. This amount gave variable effects, 
as described under Results. The endotoxin was given intraperitoneally, while the thera- 
peutic agents* were given intramuscularly in the experiments with intact mice and intra- 
peritoneally in those with adrenalectomized mice. The doses administered were as gamma 
per mouse for the experiments on intact mice and as gamma per 20 grams of body weight 
for the experiments on adrenalectomized mice. In experiments with intact animals, ABCt 
males were used. These were housed 5 to 10 per cage and maintained in an air-conditioned 
room. In experiments with adrenalectomized animals, DBCt males were used. These mice 
were kept in single cages in a room maintained at 78 + 1° F., illuminated from 6:00 A.M. 
to 6:00 p.M. and kept dark from 6:00 P.M. to 6:00 A.M. All of the mice used for a given 
experiment were adrenalectomized on the same morning and were challenged with endotoxin 
in the afternoon of the same day or of the following day. Rectal temperatures were measured 
in these mice by means of a thermister-bridge circuit.*| Purina Fox Chow and tap water were 
available to all of the mice from the time of weaning and throughout the experiment. The 
range of the body weight of the mice at the time of experiment was 15 to 20 grams. 

Results in Intact Mice.—The optimal dosage and schedule of CPZ for pos- 
sible protection against 2 LD., amounts of endotoxin were explored in a series 
of preliminary experiments as summarized in Fig. 1. In Experiments I, I, 
and IIIf of the series, CPZ was given intramuscularly in graded doses, from 
6 y to 400 y, at 4-hour intervals over the initial 12 hours after challenge with 
endotoxin. The optimal dose range was around 50 to 100 y, a total amount of 
10 to 20 mg. per kilogram of body weight (P<.01). As the dose was increased 
above 100 y, there was a decrease in protection. The apparent protection at 
the 400 y level was not statistically significant (X* = 2.4; P>0.16). Delaying 
the onset of therapy until 6 hours or 24 hours after challenge, as shown in 
Kxperiment IV, rendered therapy ineffective (at 6 hours: X? = 2.4; P = 0.127; 
at 24 hours: (X? = O, P = 1.0). 

Further experiments summarized in Fig. 2 and analyzed in Table I verified 
this protective effect. Experiment V reveals the striking protective action of 
CPZ when administered in doses of 50 y at 4-hour intervals for 12 hours after 
challenge. Experiment VI shows that the protective action of multiple injec- 
tions of CPZ (4 x 50 y) was not duplicated if the same total amount of CPZ 
(200 y) was given in a single injection. 

Possible mechanisms for the protective action of CPZ were sought by 
comparing its effectiveness against that offered by other agents. Since mice 
viven CPZ exhibited varying degrees of sedation, the effect of prolonged seda- 
tion was studied by maintaining anesthesia over the initial 12 hours after chal- 





*Chlorpromazine hydrochloride (Thorazine) and phenoxybenzamine hydrochloride (Di- 
hbenzyline) were kindly supplied by Smith, Kline & French, through the courtesy of Mr. E. 
soone. The adrenocorticosteroids were kindly supplied by Merck & Co., through the courtesy 
£ Dr. E. Alpert and Dr. L. H. Sarett. Viadril was provided by Chas. Pfizer & Co., through 
the courtesy of Dr. G. Hobby. 


*jABC and DBC mice represent the progeny obtained by crossing hybrid females to 
males of the A and D strain, respectively. 
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TABLE IJ. STATISTICAL ANALYSIS SUMMARY OF CERTAIN EXPERIMENTS ON INTACT MICE 


EXPERIMENT | GROUPS | 
| 








NUMBER | COMPARED* 


ee a-b 
VI a-b 

a-e 

VIl a-b 

a-c 

a-d 


a-e 





a-b 
a-e 
a-d 
b-d 


*See Fig. 2 for descriptions of groups. 


lenge in two groups of mice receiving intramuscular injections at 90 to 120 min- 
ute intervals of either Nembutal* (average total dose per mouse, 5 mg.) or the 
steroid anesthetic Viadrilt (average total dose per mouse, 10 mg.). In view 
of a slight antihistaminie activity of CPZ,* an additional group of mice was 
treated with Benadryl,i 50 y intraperitoneally every 6 hours, over the initial 
24 hours after challenge with endotoxin. The results of Experiment VII 
(Fig. 2) would suggest that CPZ possesses some protective effect independent 
of its sedative or antihistaminie activities. Since CPZ also had adrenolytie 
activity, the action of a potent adrenolytie agent, phenoxybenzamine hydro- 
chloride (Dibenzyline), was studied. From a group of 20 mice treated with 
3 injections of 25 y of Dibenzyline at 12-hour intervals, beginning 12 hours 
prior to challenge with endotoxin, only 8 survived 1.5 mg. of endotoxin, a 
dose lethal for 8 of 15 untreated mice. It appears from Experiment VIII 
(Fig. 2), first, that on a gamma for gamma basis, the protective action of 
(‘PZ compares favorably in intact mice with that of 9-a-fluorocortisol. Second, 
the protection of CPZ may be additive to that of the corticoids since the results 
with a combination of suboptimal amounts of CPZ and 9-a-fluorocortisol gave 
considerably greater protection than that afforded by either of the two agents 
alone. 

Results in Adrenalectomized Mice.—Experiments carried out in adrenal- 


ectomized mice are summarized in Figs. 3, 4, and 5 and are analyzed in Table 
IT. 


In all of these experiments, CPZ or a corticoid was given intraperitoneally 
in a single injection concomitantly with 0.2 mg. of endotoxin. The hypothermia 


indueed by CPZ in adrenalectomized mice given a nonhypothermie dose of 
endotoxin may be seen first in Fig. 3. It is apparent that within the dose 
range studied, the hypothermic response to CPZ was roughly proportional to 
the dose administered. Similar hypothermic effects of CPZ were noted also 
in both adrenalectomized and intact mice not given endotoxin, in agreement 


*Pentobarbital. 
+Hydroxydione. 
tDiphenhydramine hydrochloride. 
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TABLE II, SURVIVAL 'TIME OF ADRENALECTOMIZED MIcE GIVEN BRUCELLA ENDOTOXIN 
WITHOUT AND WITH GRADED DOSES OF CHLORPROMAZINE (CPZ) 
| SURVIVAL TIME 
CPZ | NUMBER | ( HOURS) DIFFEREN CE* 
| y/20GM. | OF MICE MEAN + SE +SE 
none 14 11.05 
5 15 15.19 
25 15 17.37 
125 14 19.40 
625 14 15.93 








4.14 
6.32 
8.35 
4.88 


0.0138 
0.003 
<0.001 
0.003 


I+ I+ I+ Lt 1+ 
I+ I+ I+ I+ 


none 9 22.33 
2.5 10 25.70 


3.37 + 6.8 > 0.600 
25 10 34.20 


11.87 + 6.26 —0.076 


i+ I+ I+ 


XI none 9 33.28 
5 10 64.30 31.02 + 12.82 2.42 


*Mean survival time of CPZ-treated group minus the corresponding value 
given only endotoxin. 
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Fig. 3.—Hypothermic effect of chlorpromazine in adrenalectomized DBC mice given a non- 
hypothermic dose of Brucella endotoxin. 


with the hypothermic action of CPZ as established earlier for other species 
of animals. The data in Fig. 3 serve as a comparison with those presented 
in the left-hand section of Fig. 4, showing the behavior of rectal temperature 
in adrenalectomized mice given a hypothermic dose of endotoxin. The compar- 
ison reveals that the 5 y dose of CPZ, which in itself was hypothermie, did 
not enhance the hypothermia brought about by an appropriate dose of endo- 
toxin. But it may also be seen that higher doses of CPZ did enhance the 
hypothermia induced by endotoxin. The right-hand section of Fig. 4 shows 
that CPZ prolonged survival of the adrenalectomized mice given endotoxin, 
irrespective of its additive action on the hypothemiec effect of endotoxin. 
The doses of CPZ studied within the range from 5 to 625 y all significantly 
prolonged survival time (Experiment [X in Table II). In another experiment, 
which is summarized in Table II (Experiment X), the effect of 2.5 y of CPZ 
was slight and was not statistically significant. By contrast, the dose of 25 y 
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was associated with a prolongation of survival, which is interpreted as signifi- 
cant. In the last experiment (Experiment XI in Table II and summarized 
in Fig. 5), the effects of CPZ and of some corticoids were compared at the 5 y 
level. It may be seen from Fig. 5 that mice given 5 y of CPZ in conjunction 
with a hypothermic dose of endotoxin had a higher median temperature as 
compared with the corresponding temperature of mice given only the endo- 
toxin. The 5 y dose of CPZ did not enhance the hypothermia induced by 
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Fig. 5.—Comparative action of adrenocorticosteroids and chlorpromazine in adrenalectomized 
DBC mice given Brucella endotoxin. 


endotoxin in this experiment, yet the prolongation of survival time by this 
dose of CPZ was significant at 3 per cent. It is further apparent from Fig. 5 
that although the effect of CPZ compared unfavorably with the corresponding 
prolongation of survival by 9-a-fluorocortisol, it approached the effect of 
cortisol, when compared on a gamma per gamma basis, Furthermore, the 
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effects of CPZ compare favorably with those of at least one of the corticoids 
tested, namely with those of dehydrocorticosterone (data not shown). 


DISCUSSION 

The significant prolongation by CPZ of the survival time of mice given 
Brucella endotoxin is in keeping with earlier reports on protection by CPZ 
against shock brought about by other means. The present studies were actu 
ally prompted by a report on the protective effect of CPZ in experimental 
hemorrhagic shoek.?° 

Furthermore, Reilly and eco-workers'! have reported that in mice and 
guinea pigs treatment with CPZ for 12 hours following challenge with typhoid 
endotoxin gave maximum protection. Chedid!? found that a single injection 
of CPZ partially protected intact mice and also prolonged the survival time of 
adrenalectomized mice challenged with typhoid endotoxin. Protection with 
CPZ also has been noted against other noxious stimuli: oligemie shock"; 
drum shock’; irradiation'®; and the lethality and the gastrointestinal hemor- 
rhages following chemical irritation of the cerebral peduneles."* 

The exact mechanism by which CPZ protects against endotoxin is not 
certain. The pharmacologic activities of CPZ are complex. CPZ has been 
reported to exhibit some adrenolytie and antihistaminie activity.***° But 
in this study other compounds which exhibit these activities to a higher degree 
compared unfavorably with CPZ as far as protection against endotoxin is 
concerned. While anesthesia does offer some protection against endotoxin, the 
higher degree of protection with CPZ can hardly be explained entirely on this 
basis. It also seems pertinent that Egdahl and Richards'*® found a considerable 
increase of adrenal oxysteroid secretion in dogs following administration of 
CPZ. In keeping with this finding is the eosinopenic effect of CPZ in intact 
mice, noted in this laboratory.'’ Conceivably, therefore, part of the benefit 
derived from treatment with CPZ in intact mice challenged with endotoxin 
may result from stimulation of endogenous corticoid production by CPZ. Again, 
however, this effect cannot critically account for the protection of CPZ against 
endotoxin since the prolongation of survival time stands out clearly over a 
relatively wide dose range of CPZ in animals deprived of their adrenals. 
Finally, it also may be reealled that protection with CPZ against endotoxin is 
not directly dependent upon the hypothermic effect of the drug, at least as 
far as adrenalectomized mice are concerned. 

CPZ also depresses neural cellular activity directly, particularly that of 
ganglionic cells.’° This depressive action is especially prominent in the retic- 
ular formations of the midbrain wherein are located centers controlling sleep, 
musele tone, body temperature, vomiting, and sympathetic activity. The 
central effect of CPZ would appear to be one of its major actions.’* 1° While 


the mechanisms of the activity of endotoxin are complex and not clearly de- 


fined, it is conceivable that endotoxin may trigger nervous mechanisms detri- 
mental to the host.2° CPZ may exert part of its protective effect through 
interference with this neural activity. However, it remains possible that, by 
some as yet undefined mechanism, CPZ may counteract a direct cellular 
effeet of endotoxin. 





Volume 49 CHLORPROMAZINE PROTECTION AGAINST ENDOTOXIN 


Number § 


SUMMARY 


The administration of chlorpromazine is associated with a significant 
prolongation of survival time of intact or adrenalectomized mice challenged 
with lethal doses of Brucella endotoxin. This protective effect of CPZ does 
not appear to be critically dependent upon the corticoid-stimulating, sedative, 
adrenolytic, antihistaminic, and hypothermie effects of the drug. The pos- 
sible neurogenic mechanisms of the CPZ protection against endotoxin are 
discussed. 


ADDENDUM 


Noyes and associates also have demonstrated recently protection against bacterial 
endotoxins by chlorpromazine (Noyes, H. E., Sanford, J. P., and Nelson, R. M.: Effect 
of Chlorpromazine and Dibenzyline on Bacterial Toxins, Proce. Soe. Exper. Biol. & Med. 
92: 617, 1956). 
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CORRELATIVE STUDIES OF SERUM PROTEINS, LIPOPROTEINS, 
AND GLYCOPROTEINS IN INBORN DISORDERS OF 
LIPID METABOLISM 


Ezra Souar, M.D., ELAINE T. Bossak, M.D.,* ANp Davip ADLERSBERG, M.D. 
New York, N. Y. 


HE 2 inborn errors of lipid metabolism to be considered in this report, 

idiopathic hypercholesteremia and idiopathic hyperlipemia, present cer- 
tain clinical and biochemical differences. In idiopathic hyperlipema the serum 
appears lactescent in the fasting state and the levels of triglycerides and total 
lipid are inereased. In idiopathic hypercholesteremia the serum is clear and 
the prominent alteration of the lipid pattern is elevation of cholesterol and 
phospholipid levels. Both conditions show familial occurrence and represent 
predisposing factors for atheroselerosis.'* 1 ? 

Studies of serum lipoproteins in these disorders reveal elevation of the 
beta-lipoprotein fraction as determined by Cohn fractionation.* By means of 
the ultracentrifuge, the major alteration in idiopathie hyperlipemia is eleva- 
tion of the Sf 20 to 100 and 100 to 400 lipoproteins while in idiopathie hyper- 
cholesteremia the levels of Sf 0 to 12 and 12 to 20 lipoproteins are markedly 
inereased.* Paper electrophoresis also yields characteristic patterns for each 
condition, idiopathie hyperlipemia exhibiting marked increase in the O-fraction 
(lipid absorbed at the origin, mainly triglycerides) in contrast to the beta- 
lipoprotein spike seen in hypercholesteremia.* © Serum proteins in these dis- 
orders have been deseribed as normal by some investigators while others have 
noted: slight elevation of beta globulin.®** There is little information about 
serum glycoproteins in these disorders in relation to the other serum com- 
ponents.° It was deemed profitable, therefore, to undertake a correlative study 
of the serum proteins, lipoproteins, and glycoproteins in persons with idi- 
opathic hyperlipemia and idiopathic hypercholesteremia. The technique of 
paper electrophoresis was employed for the simultaneous determination of 
these components in 18 patients with either metabolie error. Basie data on 
serum lipid partition were obtained by chemical analyses. 


MATERIALS AND METHODS 


Fasting blood samples were obtained from 8 patients with idiopathie hypercholes 
teremia, 6 men and 2 women ranging in age from 33 to 61 years with an average age of 
46. Six patients had evidence of coronary artery disease. Four patients had eyelid xan 
thelasma, 3 exhibited, in addition, xanthoma tendinosum, and none had xanthoma tuber 
osum. One patient had mild diabetes and one had gout. The 10 patients with idiopathic 
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hyperlipemia included 6 men and 4 women ranging in age from 38 to 64 years with a mean 
age of 52. Six patients had coronary artery disease. No eyelid xanthelasma nor xanthoma ten- 
dinosum were observed while 4 patients had xanthoma tuberosum. Four patients had 
associated diabetes mellitus and 3 of these had eruptive xanthoma during periods of poor 
control. In a number of patients with idiopathic hyperlipemia, the dietary fat intake 
had been limited prior to the undertaking of the present study. 

Paper electrophoresis was performed using methods previously described.6,10 A 
horizontal apparatus with free suspension of the paper strips was employed. Veronal 
buffer, pH 8.6, ionie strength 0.05, was used. For protein determination 0.007 ml. of serum 
was applied as a streak to filter paper strips (Whatman No. 3 MM); for lipoproteins and 
for glycoproteins 0.03 ml. and 0.04 ml., respectively, were applied. Strips were run for 
61% hours at a potential difference of 250 volts with a current of 3 Ma. per strip. After 
drying for 20 minutes at 70° C., the filter paper strips subsequently were stained with 
Amidoschwarz for proteins, Oil Red O for lipoproteins, and the periodic acid Schiff (PAS) 
stain for protein-bound carbohydrates.11 The latter stains carbohydrates with adjacent 
hydroxy or amino groups. Schiff-positive serum components measured by the paper electro- 
phoretic method include glycolipids and mucopolysaccharides (mucin, mucoproteins, and 
glycoproteins).12 For purposes of convenience, we term these components “glycoproteins.” 
Densitometric evaluation of the strips was followed by planimetriec determinations of the 
percentage of the various components of the curves obtained. Protein patterns were 
identified as albumin, alpha-l, alpha-2, beta, and gamma globulins; lipid patterns were 
separated into alpha- and beta-lipoprotein and the O(origin)-fraction; “glycoprotein” pat- 
terns were composed of alpha-1l, alpha-2, and beta components. Serum total and esterified 
cholesterol, phospholipids and total lipid were determined chemically,13-15 whereas, serum 
triglycerides (neutral fat) were calculated by subtracting the sum of the levels of total 


cholesterol and phospholipids from the level of total lipid. 


RESULTS 

Serum lipid levels were characteristically abnormal in both groups of 
patients (Table I). High levels of all lipid fractions, especially of tri- 
elycerides and total lipids, were obtained in patients with idiopathic hyper- 
lipemia. Patients with idiopathie hypercholesteremia showed marked eleva- 
tion of cholesterol and phospholipids with only slight inerease of the tri- 
elyceride fraction. 

Serum protein patterns were similar in both groups and differed from 
hormal patterns by a tendeney to a decrease in albumin and elevation of 
vamma globulin (Table 1). While an elevation of alpha-1 globulin was noted, 
this fraction was small, and difficult to separate from the other serum com- 
ponents. 

The lipoprotein patterns were distinctively abnormal in each group. Sera 
from patients with hypercholesteremia were characterized by decreased 
alpha-lipoprotein, elevated beta-lipoprotein with slight increase in the O-fraction. 
Patients with hyperlipemia had even more marked decrease in alpha-lipopro- 
tein with marked inerease in the O-fraction. 


The “glycoprotein” distribution in sera from patients with hypercholes- 
leremia was similar to that observed in healthy controls. Patients with 
idiopathic hyperlipemia were characterized by significant elevation of alpha-2 
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“olycoprotein” with moderate decrease in alpha-l1 and beta “glycoproteins.” 
The characteristic curves for the various serum components separated by 
electrophoresis are presented in Fig. 1. 

In 2 instances of idiopathic hyperlipemia (Patients 3 and 5), serum lipids 
and lipoproteins had been studied prior to and during the institution of a 
low-fat diet. The present correlative study, including “glycoproteins,” was 


NORMAL 
P- ALB wl a2 8 


OPTICAL DENSITY 





DISTANCE IN CENTIMETERS 


HYPERLIPEMIA 
P: ALB o<! o2 








HYPERCHOLESTEREMIA 
PALBa-l «2 B fF 








—— PROTEIN CURVE (P) 
—--- LIPOPROTEIN CURVE (L) 
eseeee GLYCOPROTEIN CURVE (G) 


Fig. 1.—Characteristic curves for various serum components separated by electrophoresis. 


begun after fat restriction, when levels of lipid fractions had decreased and 
fell within the range of levels seen in idiopathic hypercholesteremia. The 
lipoprotein and “glycoprotein” patterns were, nevertheless, typical of idi- 
opathie hyperlipemia. Studies, therefore, were performed on sera from 
Patients 9 and 10 prior to and after similar dietary fat restriction. Lipid 
levels were reduced, as anticipated. The “glycoprotein” and lipoprotein pat- 
terns were still characteristically abnormal (Table IT). 
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TABLE II. Errect or Low-Fat Dirt ON SERUM COMPONENTS 








| ALPHA-2 | 
O-FRACTION GLYCOPROTEIN | 
| 
(PER CENT OF | (PER CENT OF 
TOTAL TOTAL STAIN- 
STAINABLE ABLE CARBO- 
(MG. PER 100 ML.) LIPOPROTEIN ) HYDRATE ) 
10 3380 576 670 2134 64.6 46.5 Free 
1220 322 354 544 30.7 50.5 Fat 





PA- TOTAL CHOLES- | PHOSPHO-| TRIGLYC- 
TIENT LIPID TEROL LIPIDS ERIDES 





| 
| 
| 





restriction 
2900 688 590 1622 51.0 51.5 Free 
1970 500 506 964 43.2 51.0 Fat restriction 
2235 628 576 1031 59.3 Free 
1520 480 504 536 52.3 Fat restriction 


2480 433 497 1550 a Free 
1040 384 398 258 32.8 Fat restriction 





In order to determine experimentally whether the abnormal “glycopro- 
tein” distribution in idiopathic hyperlipemia was related to the elevation of 
serum total lipids, the “glycoprotein” profile was studied in healthy controls 
before and after administration of a standard fat-loading meal.’® Four fasting 
healthy controls, 2 men and 2 women, were each given heavy cream (40 per 
cent butter fat), 2.5 ml. per kilogram of body weight. The lipid partition and 
electrophoretic studies were performed on serum obtained prior to and 4 hours 
after administration of the fat meal. In each instance there was a rise in 
serum total lipids and an inerease in the O-fraction of the lipoproteins. No 
significant alterations in levels of alpha-2 “glycoprotein” were observed 


(Table III). 


TABLE IIT. Errect or A STANDARD Fat-LOADING MEAL ON SERUM COMPONENTS 








ALPHA-2 GLYCOPROTEIN 
(MG. PER 100 ML.) | (PER CENT OF TOTAL STAINABLE MATERIAL) 

B A B A 
720 870 14.4 , 42.0 
580 870 24.0 31. 42.0) 
810 915 12.1 46.0 
685 1015 22.9 36.5 


TOTAL LIPID |  O-FRACTION LIPOPROTEIN _ 








B—before. 
A—after fat meal. 





DISCUSSION 

Alterations of serum “glycoprotein” pattern in disorders of lipid metabo- 
lism have been described by others. Lever, Smith, and Hurley® noted ab- 
solute increase in the beta glycoprotein fraction in 6 patients with idiopathic 
hyperlipemia and in 9 patients with idiopathic hypercholesteremia. In the 
former group, the total protein-bound hexose was also elevated. Hexose was 
analyzed chemically in serum fractions separated by the Cohn method. As 
we have noted elsewhere," higher levels of beta glycoprotein are noted in 
normal serum using this method as compared to results obtained with paper 
electrophoresis and the PAS stain. The discrepaney may be due, therefore, to 
the difference in techniques employed. 
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An explanation of the abnormal distribution of protein-bound ecarbo- 
hydrates in idiopathic hyperlipemia cannot be offered at the present time. 
There was no apparent correlation of levels of serum alpha-2 “glycoprotein” 
with values for serum total lipid, cholesterol, or the O-fraction of the lipo- 
proteins. The inability to experimentally alter “glycoprotein” distribution 
in alimentary hyperlipemia seems to preclude fruitful investigation of altera- 
tions in protein-bound carbohydrates in normal individuals with this method. 
A further elucidation of the interdependence of the various serum components 
might be provided by a serial study of these factors in patients with idiopathic 
hyperlipemia in whom lipid levels have been altered by diet and/or hormonal 
or other therapy. 

The characteristic alterations in serum lipids and lipoproteins in these 
disorders of lipid metabolism have been elaborated elsewhere.* °* It is of 
interest that characteristically abnormal lipoprotein patterns were observed 
in idiopathic hyperlipemia when the serum was clear and lipid levels reduced 
toward normal. However, it is conceivable that prolonged reduction of lipid 
levels by diet and/or medication may result in restoration of both lipoprotein 
and “glycoprotein” distribution toward normal as well. An independent 
study now in progress concerning the effect of estrogens on serum components 
in abnormal states of lipid metabolism suggests this possibility.*’ 

The alterations in serum proteins are less clear-cut. While the mean level 
of serum albumin was depressed in both idiopathie hyperlipemia and hyper- 
cholesteremia, there was a wide variation among the individual sera. The 
significance of alterations in the globulin fractions is similarly difficult to 
evaluate in a small sample and merits further investigation. No correlation 
was observed between abnormalities of serum albumin or globulins and the 
occurrence of such complications as coronary artery disease and diabetes, which 
commonly oceur in these errors of lipid metabolism. 

Similar abnormalities in protein-bound carbohydrates and lipids of serum 
and tissue have been observed in diabetes-specifie vascular disease and in ex- 
perimental atheroselerosis.’® 7° It is well known that in these states multiple 
chemical alterations exist, the nature of which is obscure. 


SUMMARY 


Studies of serum proteins, lipeproteins, and “glycoproteins” by paper 
electrophoresis have been performed in 10 patients with idiopathie hyper- 
lipemia and 8 patients with idiopathic hypercholesteremia diagnosed by estab- 
lished elinieal criteria and chemical analysis of serum lipids. 

Idiopathie hyperlipemia was characterized by an inerease in alpha-2 
“elyeoprotein,” whereas serum “glycoprotein” patterns in idiopathie hyper- 
cholesteremia did not differ from those observed in the controls. 

Serum lipoprotein patterns were abnormal in both groups, as previously 
described. ® Alpha-lipoprotein levels were depressed. Idiopathic hyper- 
lipemia was characterized by marked elevation of the O/(origin)-fraction,’ 
While idiopathic hypercholesteremia revealed a marked inerease in _ beta- 
lipoprotein. 
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Slight decrease in serum albumin with increase in gamma globulin was 
observed in both groups. 





Some of the alterations in serum “glycoproteins” and lipoproteins in idio- 
pathic hyperlipemia were independent of serum total lipid levels in the subjects 
studied. They also were noted when serum was clear and levels of total lipid 
reduced toward normal (“masked hyperlipemia”). There was no change in 
serum “glycoproteins” in healthy controls following a standard fat-loading 
meal despite elevation of total lipids and inerease in the O-fraction of the 
lipoproteins. 
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THE RELATIONSHIP OF LEUKOCYTE ALKALINE PHOSPHATASE 
TO “STRESS,’’ TO ACTH, AND TO ADRENAL 
17-OH-CORTICOSTEROIDS 
WILLIAM N. VALENTINE, M.D., JAMEs H. Fouuette, M.D., 

Davip H. Sotomon, M.D., ANp JOHN REYNOLDs, M.D. 

Los ANGELES, CALIF. 


REVIOUS studies have indicated a remarkable lability of unit leukocyte 

alkaline phosphatase activity in the presence of ‘‘stress’’ or secondary to 
the administration of ACTH or exogenous 17-hydroxyecorticoids. It has been 
shown that: (1) unit leukocyte alkaline phosphatase often is increased several 
fold in a wide variety of clinical disease states such as infection, trauma, 
myocardial infaretion, urinary retention, diabetic acidosis, and acute gout, 
having as at least one common denominator presumed increase in adrenal 
cortical activity'; (2) while mononuclear cells such as lymphocytes and 
monocytes® * contain little if any alkaline phosphatase activity and while the 
phosphatase containing polymorphonuclear leukocyte tends to be relatively 
increased in most of the above conditions, nonetheless, the magnitude of 
increased phosphatase activity shows no discernible correlation with shifts 
in the differential formula; (3) the granulocytes of chronic myelocytic leuke- 
mia exhibit little phosphatase activity while comparably immature cells in 
polycythemia rubra vera and most nonleukemia myeloproliferative syndromes 
for the most part show inereased activity’; (4) this response usually is absent 
in certain ‘‘collagen diseases’’ such as active rheumatoid arthritis and dis- 
seminated lupus erythematosus and often, though less constantly so, in active 
uncomplicated rheumatie fever’; (5) a substantial elevation in unit cell 
activity may be evoked by exogenous administration of ACTH gel and certain 
17-hydroxyeorticoids over a 3-day period in substantial dosage.’ 

It should be pointed out at the outset, however, that while increased unit 
cell activity results from both naturally occurring ‘‘stresses’’ and from exoge- 
nously administered hormones of the above-mentioned types, it has not been 
assumed that the mechanisms in the two situations are necessarily identical. 
Indeed, there is some reason to believe, as will be discussed later, that endoge- 
nous inereases in pituitary-adrenal activity may not be a full explanation for 
the observed increased phosphatase activity in disease. 

This report presents additional data on the hormonal relationships to 
unit leukocyte alkaline phosphatase activity with special reference to time- 
dosage responses and to urinary excretion of 17-hydroxycorticoids. 
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METHODS 

The methods of collecting blood, separating cells, and preparing incubation mixtures 
have been described in previous publications.5 In all experiments reported here the 
enzyme substrate has been sodium £-glycerophosphate, the pH 9.9, the temperature 37°C, 
2 Si) ’ ’ 
and the incubation period one hour. Urinary 17-hydroxycorticoid determinations were 

verformed by the Reddy modification® of the method of Reddy, Jenkins, and Thorn.? 

. . 7“) 


RESULTS 

Chronic Myelocytic Leukemia.—The alkaline phosphatase activity of 
leukocyte populations from subjects with chronie myelocytic leukemia is charae- 
teristically very low. A comparison of mean values in this disease with those 
found in normal subjects, in subjects with miscellaneous nonleukemie disease 
states, and in subjects with morphologically similar leukocyte populations in 
nonleukemie myeloproliferative syndromes and leukemoid reactions has been 
reported previously. When ACTH gel is administered to patients with chronic 
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PRE - ACTH GEL 40 UNITS 3-7DAYS 
TREATMENT (mM Q 8BHRS X9 POST-TREATMENT 
Fig. 1.—A comparison of the alkaline phosphatase activity of chronic myelocytic leukemic 
and nonleukemic leukocyte populations before, during, and after the administration of ACTH 
gel intramuscularly. Values given are averages for 5 subjects with chronic myelocytic leu- 
kemia and 7 representative nonleukemic controls. 


myelocytic leukemia in dosage of 40 units every 8 hours for 3 days either no 
elevation or very minimal elevation in leukocyte phosphatase ensues. This 
is in sharp contrast to the substantial elevations evoked by identical dosage 
schedules in normal subjects. Fig. 1 compares the response in 5 such leukemic 
subjects and 7 representative nonleukemie controls. Similar results are 
obtained after administration of oral hydrocortisone. Minimal, if any, response 
is elicited on a per cell basis in the leukocytes of chronic myelocytic leukemia 
while a definite response occurs in normal controls. Fig. 2 indicates this 
comparison. While a definite tendency to neutrophilic leukocytosis is noted 
in normal subjects receiving these hormonal agents, in many patients with 
chronic myelocytic leukemia striking elevations in peripheral blood total 
leukocyte count are observed. In one subject the total leukocytes rose from 
36,900 to 117, 900 per cubie millimeter after 72 hours on ACTH gel. Three 
days after discontinuing the medication the count had fallen to 58,750 per 
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cubic millimeter. No clinically untoward results were noted in any patient. 
In still another subject the peripheral leukocyte count rose from 177,500 to 
282.500 per eubic millimeter over a 3-day period during administration of 
ACTH gel intramuscularly. All phosphatase values, however, have been ex- 
pressed on an identical basis per 10*° leukocytes in both groups and are not 
related to total leukocyte count. The initial level of leukocyte count does not 
appear to influence the failure of response. For example, one individual 
with a leukocyte count below 10,000 per cubic millimeter showed no response. 
One subject showed a minimal but definite response, evidenced by some in- 
erease in phosphatase activity 24 hours after ACTH medication was begun. 
This was no longer observed after 72 hours on ACTH. 

Two exceptions to this usual phenomenon of initial low alkaline phos- 
phatase activity and refractoriness to ACTH or hydrocortisone administra- 
tion have been noted. These are of particular interest since they indicate 
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Fig. 2—A comparison of alkaline phosphatase activity of chronic myelocytic leukemic 
and nonleukemic leukocyte populations before. during, and after the administration of hydro- 
cortisone orally. Values given are averages for 5 subjects with chronic myelocytic leukemia 
and 7 representative nonleukemic controls. 
that this biochemical aberration is temporarily reversible in an occasional 
subject. The first subject was studied early in his disease, but following a 
very complete initial clinical and hematological remission in response to the 
first course of splenic irradiation. The phosphatase value was entirely normal, 
44.8 mg. of phosphorus being liberated from substrate per hour by 10”° cells. 
After administration of 40 units of ACTH gel intramuscularly every 8 hours 
for 3 days, a marked elevation to 147.2 mg. was observed. Four months later 
the patient had again relapsed and was restudied. Phosphatase activity ex- 
pressed as above was only 6.6 mg. and after the same schedule of ACTH 
administration was 4.5 mg. The second patient, also with typical findings of 
chronie myelocytic leukemia and a peripheral count of 177,000 leukocytes per 
cubie millimeter, was studied at the time of initial diagnosis and before ther- 
apy. Phosphatase activity was very low, 3.0 mg. of phosphorus being hydro- 
lyzed by 10'° cells per hour. The value after 72 hours on ACTH was 4.1 mg. 
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The subject was treated with Myleran with essentially complete remission. [’e- 
ripheral blood total and differential counts became normal and the spleen impal- 
pable. Myleran was discontinued and the patient has obtained an unusually long 
remission lasting to date some 18 months without therapy. On several oc- 
easions random determinations of phosphatase activity have been within the 
normal range and on one occasion an excellent response was obtained after 
ACTH administration. The patient remains in remission at this time, and it 
is impossible to say whether in this case one of the rare ‘‘spontaneous’’ remis- 
sions has been superimposed on the initial response to Myleran. It should be 
emphasized that this is not the usual response to therapy, since a number of 
other patients have been followed into therapeutic remissions without any 
discernible change in the phosphatase activity pattern. It is perhaps signifi- 
cant that both subjects were studied very early in their disease and that both 
received very marked and complete remissions from initial therapy. The un- 
answered question, therefore, arises as to mechanism of reversibility of the 
biochemical cellular aberration in these subjects. 

The failure in general of response to ACTH gel in subjects with chronic 
myelocytic leukemia does not appear on the basis of initial studies to be due 
to defective adrenal activity. In limited studies marked elevations in urinary 
17-hydroxycorticoid excretion have been observed in patients with myelocytic 
leukemia receiving ACTH who simultaneously showed no elevation in phos- 
phatase activity. Further, by-passing the adrenal by administration of exoge- 
nous hydrocortisone also has failed to inerease unit cell phosphatase levels 
in these subjects. The failure to respond in the usual way is therefore more 
likely due to some type of ‘‘end organ’’ failure, the ‘‘end organ’’ in this case 
being the leukemie cell. 


Diseases of the Adrenal and Pituitary Glands. 


(1) Addison’s disease: Three patients with proved severe Addison’s dis- 
ease have been studied. In each patient, one of whom was studied on two 
separate occasions, the characteristic elevation in leukocyte alkaline phos- 
phatase failed to oceur, indicating that functional adrenal tissue is necessary 
for the ACTH effect to be manifest. In 2 subjects the dosage schedule employed 
was 40 units of ACTH gel intramuscularly every 8 hours for 3 days; in the 
third 120 units of ACTH gel was administered in a single dose daily for 3 
days. All subjects were receiving 10 mg. of hydrocortisone 3 times a day for 
maintenance. 

In order to test whether premedication with hydrocortisone might inter- 
fere with the ACTH response in normal persons, 5 subjects were pretested 
for one week with oral hydrocortisone, 25 mg. daily, and this schedule con- 
tinued throughout the subsequent period of ACTH medication. The response 
to ACTH was not suppressed by this regimen, the elevation in leukocyte phos- 
phatase occurring as in subjects not premedicated. One additional subject 
was premedicated for 2 weeks with 100 mg. of cortisone daily. An excellent 
response to ACTH ensued at the end of this time with cortisone continuing 
to be administered during the 3 days of ACTH medication. In one patient 
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with elinieal evidence of incomplete adrenal deficiency, both urinary 17-hydroxy- 
corticoids and leukocyte alkaline phosphatase showed slight but subnormal 
responses to ACTH. 

In contrast to the failure of response to ACTH, substantial elevations in 
unit leukocyte phosphatase occurred in 2 subjects with Addison’s disease 
when given large doses of hydrocortisone. In one subject this was observed 
to follow an early crisis treated initially with 50 mg. of hydrocortisone orally 
followed by 200 mg. intravenously and then by 20 mg. every 8 hours by mouth. 
This same subject subsequently showed good response to 50 mg. of hydro- 
cortisone intramuscularly every 8 hours for 3 days and later to a similar 
regimen except that hydrocortisone was given orally. A second subject 
responded to a regimen of 60 mg. of hydrocortisone by mouth every 8 hours 
for 3 days. Fig. 3 shows the response of 2 patients with Addison’s disease 
to ACTH gel and hydrocortisone, respectively. Although case numbers are 
small, the results were uniform and indicate that absence of functional adrenal 


100 ADDISON’S DISEASE 
a  uYOROCORTISONE 


— PATIENT | 
"PATIENT 2 


ae WVEROCORTIOONE 


ACTH GEL 





- 
ACTH GEL 


° 
a 
7 
2 
° 
« 
« 
~| 
3 
= 
sy 
a 
° 
w 
lad 
< 
« 
wi 
o 
4 
a 
S 
= 








PRE TREATMENT 24 HRS 72 HRS 
AFTER STARTING RX 


Fig. 3.—A comparison of the effects on leukocyte alkaline phosphatase activity of oral 
hydrocortisone and intramuscular ACTH gel in 2 subjects with Addison’s disease. Medica- 
tions given every 8 hours for 3 days as discussed in text. Note failure to respond to ACTH 
and substantial response to hydrocortisone. 


tissue eliminates the ACTH response but not that to hydrocortisone. In one 
subject, concomitant measurement of urinary 17-hydroxyecorticoids before, 
during, and after ACTH gel administration, showed no inereased excretion. 
On the other hand, in 9 subjeets with normal adrenal funetion, all showed 
rises in both leukocyte alkaline phosphatase and urinary 17-hydroxycorticoid 
excretion during the period of ACTH administration. 

(2) Total adrenalectomy: The results after bilateral adrenalectomy are 
more diffieult to evaluate since it is not always possible to be sure that all 
funetional adrenal tissue actually has been removed. It is well established 
that this is by no means always accomplished surgically. In the 5 subjects 
studied, essentially no elevation in leukocyte alkaline phosphatase occurred 
with ACTH administration. In one of these subjects who was studied repeat- 
edly, however, significant elevation was found on one determination. These 
» subjects were receiving maintenance medication with hydrocortisone in the 
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amount of 37.5 to 50 mg. daily in all but one instance. The one exception at 
the time of the study was receiving 100 mg. of cortisone daily, having been 
operated only 10 days previously. In one subject showing no phosphatase 
response to ACTH gel there was also no response as measured by urinary 17- 
hydroxyeorticoid excretion. 

Two patients after bilateral adrenalectomy showed significant leukocyte 
phosphatase elevation when ACTH was administered. In one of these con- 
comitant measurement of urinary 17-ketosteroids revealed an elevation indicat- 
ing failure to remove all tissue; in the second it was not possible to check 
urinary steroid excretion. 

In 2 subjects showing no response to ACTH, one very moderate and one 
good response to increases in hydrocortisone dosage from 37.5 to 50 mg. daily 
to 150 mg. daily were obtained. It probably is significant that one patient 
with metastatic carcinoma showed marked elevation in leukocyte phosphatase 
in the preterminal stages a few days before death, and that another subject 
responded to a urinary tract infection plus large doses of hydrocortisone by 
substantially higher elevations in leukocyte phosphatase than would ordinarily 
be expected from hydrocortisone alone. This suggests the possibility that 
other mechanisms than adrenal stimulation may play a role in the phosphatase 
response in disease, or that certain disease states may mediate directly some 
mechanism also mediated indirectly, by inereased adrenal activity. It also 
points up the difficulty of evaluating the ACTH or steroid response in the 
presence of associated disease processes developing or exacerbating during 
the period of study. 


(3) Panhypopituitarism: In 3 patients with well-established hypopituita- 
rism, very marked responses to ACTH gel were obtained. Fig. 4 shows a 
comparison of these responses with those in 3 patients with Addison’s disease. 
In all 3 patients the response was sufficiently marked to raise the purely 
speculative possibility that diminution in pituitary function may result in an 
exaggerated response. The eases are too few to render this more than a 
possibility. 


(4) Other conditions: Two patients with primary aldosteronism (sub- 
sequently corrected by removal of adrenal adenomas) showed excellent 
responses to ACTH gel. One subject with evidences of moderate adrenal 
insufficiency responded to both ACTH gel and hydrocortisone and much more 
strongly to the stimulus of an episode of acute cholecystitis. One subject 
with the adrenogenital syndrome showed moderate but definite elevation of 
unit cell leukocyte alkaline phosphatase after 14 days of therapy with 100 mg. 
of cortisone daily. 

Miscellaneous Disease States.—Miscellaneous disease states have been 
studied both from the standpoint of random leukocyte alkaline phosphatase 
patterns and more recently from the point of view of response to ACTH and 
adrenal steroids of the cortisone type. In chronie lymphatic leukemia, in 
eases where the cell population is 90 per cent or more lymphocytie, unit cell 
phosphatase is uniformly low and little or no elevation is evoked by ACTH or 
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hydrocortisone. This is due almost certainly to the fact that lymphoeytes 
per se contain little or no demonstrable activity although the few polymorpho- 
nuclear leukocytes present may individually have high specific activities. The 
same thing is true in cell populations of acute leukemia which are largely 
blastic. A normal response was observed in a patient with lymphosarcoma 
but with 35 to 43 per cent granulocytes in the cell population analyzed. Of 
3 patients with nonleukemie myeloproliferative syndromes and cell popula- 
tions resembling those commonly seen in chronic myelocytic leukemia, 2 
responded to ACTH in normal fashion, while one failed to respond. Two simi- 
lar subjects responded normally to hydrocortisone. One patient with a leuke- 
moid reaction secondary to metastatic carcinoma involving bone marrow 
responded in normal fashion to ACTH gel and to hydrocortisone. One patient 
with far advanced carcinoma and a large intra-abdominal abscess containing 
800 ml. of pus at post-mortem examination exhibited the highest leukocyte 
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Fig. 4.—A comparison of the effects on leukocyte alkaline phosphatase activity of intra- 
muscular ACTH gel (40 units every 8 hours for 3 days) in 3 subjects with Addison's disease 
and 3 subjects with panhypopituitarism. 


alkaline phosphatase value we have seen. Three hundred to 500 mg. of phos- 
phorus were hydrolyzed per hour by 10" leukocytes. This patient had a 
leukemoid, mature granulocytie reaction characterized by more than 200,000 
leukocytes per cubic millimeter in the peripheral blood. When hydrocortisone 
was administered one value approached 800 mg. but at this level of activity 
technieal factors and spontaneous fluctuation render interpretation difficult. 
In any event, this level of activity so far transcends the usual elevations in 
the face of severe stress and infection that it is difficult to believe it was 
dependent entirely on adrenal hyperfunetion. It seems likely that other 
nonadrenal factors were playing a role here. In one ease of aplastic anemia 
having only 7 to 18 per cent granulocytes in the circulating blood, an entirely 
normal response resulted from hydrocortisone administration. With this low 
percentage of granulocytes it can be presumed that specific granulocyte phos- 
phatase activity was natively high since pretreatment values were in the 
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normal range. Two cases of infection of the urinary tract and lungs, respec- 
tively, showed initially high pretreatment values (124.2 and 179.2 mg. phos- 
phorus hydrolyzed per 10" cells per hour). It is of interest that on daily 
single doses of 120 units of ACTH gel for 3 days these values actually fell to 
64.0 and 87.5 mg. In both, specific treatment of infection was being carried 
out simultaneously, again suggesting that either (a) initial endogenous ACTH 
activity transcended exogenous medication and that with clinical improve- 
ment endogenous activity was subsiding or (b) perhaps more likely the infee- 
tions themselves mediated a response in some way not wholly dependent on 
adrenal activity. 

Patients with well-marked hepatie cirrhosis were also studied. Four of 
5 subjects responded strongly to ACTH gel (40 units every 8 hours for 3 
days). One failed to show any significant response. The 4 responding cases 
showed somewhat exaggerated responses, the mean maximal increase in the 
medication period being 72.6 mg. of phosphorus hydrolyzed per hour by 10" 
leukocytes. Three of 5 cases showed good responses to hydrocortisone and 
one ease failing to respond had a high pretreatment value of 110 mg. In view 
of the liver’s well-known role in steroid metabolism, it is of some speculative 
interest to note the large responses in certain cases. However, the variable 
clinical status of the patients and the relatively small series do not make it 
possible to state other than that the phenomenon is elicited in most cases of 
advanced liver disease. 


TABLE I. EFFreEcT OF VARIOUS MEDICATIONS AND DOSAGE SCHEDULES ON LEUKOCYTE 
ALKALINE PHOSPHATASE 


| PHOSPHATASE | NUMBER OF 
MEDICATION | DOSAGE SCHEDULE | ROUTE INCREASE“ PATIENTS 
Gel alone 1 mi. q. 8 hr. x 9 I.M. 16.4 10 
(Same less one un- 

explained high value) .M. 10.4 
ACTH gel 10 units q. 8 hr. x 9 -M. 36.2 
ACTH gel 20 units q. 8 hr. x 9 .M. 29.9 
ACTH gel 30 units q. 8 hr. x 9 .M. 66.6 
ACTH gel 40 units q. 8 hr. x 9 .M. 53.3 
ACTH gel One daily dose 120 units x 3 a 3 24.3 
ACTH gel One daily dose 160 units x 3. I.M. 34.6 
Hydrocortisone 40-50 mg. q. 8 hr. x 9 P.O. 22.8 
Hydrocortisone 60-70 mg. q. 8 hr. x 9 Ps). 32.5 
Hydrocortisone 50 mg. q. 4 hr. x 18 x2 52.4 
Hydrocortisone 80 mg. q. 4 hr. x 18 PO. 43.4 
ACTH gel + 10 units q. 8 hr. x 9 I.M. 
Hydrocortisone 50-60 mg. q. 8 hr. x 9 PD. 
Desoxycorticosterone 6.5 mg. q. 8 hr. x 9 I.M. 0.6 
Compound § 200 mg. q. 8 hr. x 9 [.M. 8.4 
Ascorbie Acid 500 mg. q. 12 hr. x 6 I.M. 3.6 


66.3 





*Expressed as milligrams of phosphorus liberated per hour by 10” leukocytes from sub- 
strate 8-glycerophosphate at 37° C. over and above pretreatment value Values given are 
= — of the maximal increases observed in the patients of each category during medica- 
ion period. 


Phosphatase Response in Terms of Time-Dosage Schedules.—Table I shows 
the effect on leukocyte alkaline phosphatase activity of ACTH, hydrocortisone, 
and other medications employing a variety of dosage schedules in normal 
subjects. Fig. 5 illustrates graphically the effect of selected medications and 
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schedules. It will be noted that a slight response oceurs after the administra- 
tion of sterile gel without ACTH intramuscularly in one milliliter amounts 
every 8 hours for 3 days. In 10 such subjects the mean maximal elevation 
was 16.4 mg. of phosphorus hydrolyzed by 10° cells per hour. This value is 
distorted upward by the presence of a well-marked elevation occurring in 
one subject. The reasons for this single exception are not clear. However, it 
is possible that it was due to a spontaneous fluctuation or undetected ‘‘stress’’ 
occurring fortuitously during the medication period. In the other 9 subjects 
the average maximal increase was but 10.4 mg. It will be noted that no 
response whatsoever occurred after intramuscular ascorbie acid or desoxy- 
corticosterone and that a very minimal increase occurred following the intra- 
muscular administration of 200 mg. of Compound S every 8 hours for 3 days. 
One possible explanation for the slight elevations in activity following intra- 
muscular sterile gel alone may be an increase in endogenous adrenal activity 
incident to the repeated administration of gelatin. In any event examination 
of the data indicates that the ACTH content of the gel is itself responsible for 
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Fig. 5.—A comparison of the effects on leukocyte alkaline phosphatase activity of ACTH, 


hydrocortisone and other medications employing a variety of dosage schedules in normal 
subjects. 


the substantial increases in phosphatase activity. Although exact quantita- 
tion is not possible it is apparent that 10 to 20 units of ACTH gel every 8 hours 
for 3 days produces submaximal responses, while 30 to 40 units similarly ad- 
ministered produces a more marked increase in activity. In single experi- 
ments not recorded in the table, 20 to 25 units of aqueous ACTH administered 
by intravenous saline drip over a 6-hour period each day for 3 days produced 
little or no effect. Forty units similarly administered in one additional subject 
evoked a marked response, a maximal increase of 85.0 mg. of phosphorus 
hydrolyzed per 10°° cells per hour being observed. 

It is also apparent that hydrocortisone by mouth in large doses produces 
a less marked but significant effect. The most marked responses were observed 
when the dosage interval was shortened to 4 hours instead of 8 and where total 
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dosage was 300 to 480 mg. per day. This suggests together with the ACTH 
data that continuously sustained high blood levels may be necessary for maxi- 
mal effectiveness in producing this phenomenon. 


TIME RELATIONS OF THE RESPONSE OF LEUKOCYTE ALKALINE PHOSPHATASE TO 
ADRENAL STEROID ADMINISTRATION 

Because of the necessity of studying ambulatory patients, the data shown 
on Fig. 6 were obtained employing a single daily intramuscular dosage of 
ACTH gel of 120 to 160 units. In contrast to dosage sehedules of 40 units 
administered every 8 hours, average peak phosphatase levels were appreciably 
lower when a single daily dose was employed. For example in 6 subjects re- 
ceiving ACTH on a dosage schedule of 120 units in a single daily injection, 
72-hour phosphatase values averaged 44.4 as compared with a pretreatment 
base line of 21.1. In 8 patients receiving ACTH in the amount of 40 units 
every 8 hours (the same total daily dose) 72-hour values averaged 74.1 with 
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Fig. 6.—-The effect of ACTH administration on leukocyte alkaline 
@————-@) and on urinary 17-hydroxycorticosteroid excretion. Values 
of determinations in 9 subjects. 


phosphatase activit) 
represent the mean 


pretreatment levels averaging 25.4. Since urinary excretion studies were not 
performed in most instances on subjects receiving 3 daily injections, the asso- 
ciated phosphatase levels are lower than otherwise would have been the ease. 
However, the shape of the time response curve for leukocyte phosphatase after 
ACTH administration was essentially similar qualitatively irrespective of 
whether single or divided daily dosage schedules were employed. With either 
dosage schedule, it was observed that the leukocyte alkaline phosphatase con- 
centration rose gradually and usually reached a peak in 72 hours (Fig. 6). 
Urinary 17-hydroxyecorticosteroid excretion followed a similar pattern with a 
maximum adrenal response during the second or, more commonly, the third 
day of ACTH administration. From these data no conclusion can be drawn 
as to whether the latency in the peak leukocyte response is due to inadequate 
steroid production on the first day or to a delay in the response of leukocytes 
to an adequate steroid level. 
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Fig. 7.—The effect of hydrocortisone hemisuccinate on leukocyte alkaline phosphatase 
activity (@®————-@) and on urinary 17-hydroxycorticosteroid excretion. Values represent 
the mean of determinations in 2 subjects. Hydrocortisone hemisuccinate (133.7 mg.) was 
administered at 7:00 a.m. daily for 3 days. 
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_ Fig. 8—Comparison of the effect of hydrocortisone hemisuccinate (133.7 mg. per dose) 
administered intravenously every 8 hours for 3 days on leukocyte alkaline phosphatase activity 
With the effect of the same medication administered every 8 hours for one day only. The values 
are the means of determinations in 4 subjects and the same 4 subjects were employed in 
both the 3-day and one-day experiments. 
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In order to distinguish between these two possibilities, the effect of 
hydrocortisone hemisuccinate administered intravenously was studied in nor- 
mal subjects. In the first experiment, 2 subjects received 133.7 mg. of hydro- 
cortisone hemisuccinate intravenously once daily for 3 days. As shown in 
Fig. 7, there was no response in the leukocyte alkaline phosphatase on the first 
day, a steep but transient rise on the second day, and a greater rise on the 
third day. The excretion of the administered steroid was essentially the same 
on each of the 3 days. In the second experiment, 4 subjects received 133.7 mg. 
of hydrocortisone hemisucecinate intravenously every 8 hours for 3 days. A 
significant rise in leukocyte alkaline phosphatase did not occur until 24 to 
48 hours after the onset of treatment, and the peak was achieved during the 
third day in 3 of the 4 subjects (Fig. 8). Thus, despite massive and frequent 
administration of adrenal steroid in a rapidly acting form, there was always 
a period of relative latency in leukocyte alkaline phosphatase response. 

In an effort to determine whether this latency stemmed from a delay 
in the appearance of new leukocytes in the peripheral blood, the same 4 sub- 
jects were given hydrocortisone hemisuccinate every 8 hours for one day 
and the leukocyte alkaline phosphatase was followed for the subsequent 2 
days (Fig. 8). In two instances, a moderate rise occurred in the 24-hour value, 
which then decreased 8 hours later to control or near control values. The 
other 2 subjects failed to show a rise in leukocyte alkaline phosphatase of any 
significant degree. In other words, there was no suggestion of a step-wise 
rise in enzyme concentration after the discontinuation of steroid administra- 
tions, as would have been expected if the delay in maximal response were due 
to a 24- or 48-hour delay in the appearance of newly formed leukocytes in the 
peripheral blood. 

DISCUSSION 


The substantial increase in unit cell leukocyte alkaline phosphatase in 
response to ACTH and 17-hydroxyecorticosteroid administration constitutes an 
interesting hormone-intracellular enzyme interrelationship. The data indicate 
that, unlike such phenomena as the eosinophil response, the changing phos- 
phatase pattern is not elicited by transient bursts of adrenal activity, but 
rather is dependent on sustained and relatively high endogenous activity or 
upon large doses of exogenously administered 17-hydroxyecorticosteroids. In 
our experience poor responses to ACTH have been occasionally noted in in- 
dividuals without evidence of adrenal insufficiency during short periods of 
medication. These may be due to some anomaly in individual response, or 
perhaps to defective absorption, poorly sustained blood levels, or hormonal 
inactivation. 

The mechanism of the reaction is likewise unknown. Repeated deter- 
minations have shown that there is a lag of several hours to a day or more 
in the phosphatase elevation after ACTH gel or 17-OH-corticosteroid admin- 
istration. This suggests that time is required for cells with high specific 
activity to appear in the cireulatory blood. One possibility is that the circu- 
lating cells present at the time medication is begun do not contribute to the 
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rising activity, but that new cells developing under the influence of an altered 
hormonal milieu contain higher specific activity evident only on their dis- 
charge into the circulating blood. An alternative is that mature, fully devel- 
oped cells are affected, but that time is required for their specific activity to 
increase significantly. The data illustrated in Fig. 8 fail to substantiate the 
first possibility though the complexities of interrelationships of the marrow, 
vascular, and tissue leukocyte pools render interpretation difficult. The in- 
creased specific activity observed does not permit the statement that the in- 
dividual leukocyte actually contains more molecules of apoenzyme protein than 
do others with lower specifie activity. It is possible that with the same enzyme 
complement increased activity would be manifest as a result of diminished 
inhibitory activity, the presence or accessibility of an increased activator sub- 
stance, or to changes in the physical state of enzyme protein or molecular ag- 
gregates permitting increased accessibility of enzyme to substrate. Neither 
can it be regarded as established that the increased activity results from a 
direct action of 17-hydroxyecorticosteroids on the leukocyte or its precursors 
per se. It is possible that an intermediate reaction involving other body tis- 
sues may be fundamental, and that the phenomenon in leukocytes results sec- 
ondarily from substances elaborated elsewhere. In this latter regard, it is 
worth while re-emphasizing that in certain diseases unit cell phosphatase at- 
tains higher levels of activity than those which have been achieved with ACTH 
or 17-hydroxycorticosteroids. This response might result from sustained 
endogenous hormonal activity not equaled by any exogenous hormonal medica- 
tion schedule employed. On the other hand it could result from nonadrenal 
mediated reactions or combinations of adrenal and nonadrenal mediated 
phenomena. 

The situation in chronic myelocytic leukemia is most interesting. As re- 
ported, the usual pattern is low initial phosphatase activity and refractoriness 
to ACTH or 17-hydroxyeorticosteroid administration in the face of apparently 
adequate adrenal function and responsiveness. However, the two exceptions 
noted, in which essentially complete clinical and hematological remission fol- 
lowed initial therapy early in the disease, exhibited reversion of the phos- 
phatase level and responsiveness to ACTH and hydrocortisone to normal. This 
implies reversibility of a biochemical aberration in this disease, and raises 
some interesting speculative questions as to the nature of the leukemic process. 
It is not known whether leukemia arises as an over-all transformation from 
the normal to the leukemic state, or whether it arises from a locus of abnormal 
cells which then overgrow, suppress, and replace the normal cell lineage. In 
either ease at the time of clinical detection the cells present could probably be 
of leukemic origin. In the first instance, the reversal in the phosphatase pat- 
tern would imply that remissions early in the disease, at least in an oceasional 
subject, may be accompanied by a temporarily more normal metabolism. In 
the seeond instance, the possibility exists that initial suecessful therapy may 


permit the normal cell lineage to again become temporarily predominant and 


the reversion of phosphatase activity then due to the fact that predominantly 
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normal and not leukemic cells are being analyzed. If this situation is con- 
sidered, one can legitimately ask why adequate therapeutic remissions are 
not universally accompanied by change in the direction of normal. The fact 
that this is not the case is against but does not necessarily negate the ‘‘two 
population’’ possibility. It could be argued, for example, that except in ex- 
ceptional instances therapy did not permit the normal cell lineage to reassert 
itself, but merely suppressed the rate of growth and proliferation of the leu- 
kemie strain. Present data do not permit the resolution of this dilemma. 


SUMMARY 


1. Leukocyte alkaline phosphatase in nonleukemie subjects markedly in- 
creases on a unit cell basis in many clinical disease states having as at least 
one common denominator increased pituitary-adrenal activity. 

2. Increased phosphatase activity also results from the administration of 
ACTH gel or hydrocortisone to normal subjects in large doses over a 3-day 
period. 

3. A similar response is observed when hydrocortisone but not ACTH is 
administered to subjeets with Addison’s disease, while subjects with pan- 
hypopituitarism respond to both medications. After bilateral adrenalectomy 
the ability to respond to ACTH by increased phosphatase activity usually is 
abolished. 


4. Data are presented regarding the phosphatase activity in a variety of 
disease states with reference to the response to ACTH and 17-hydroxycorti- 


costeroids. 

». Increased phosphatase activity does not appear to result from admin- 
istration of ascorbie acid or Compound §S intramuscularly. 

6. Data regarding time-dosage responses are presented. Maximum activ- 
ity inerease develops gradually over a 72-hour period with a usual time lag of 
several hours to a day after medication is started before increased activity be- 
gins to be manifested. It appears that sustained increases in blood steroid 
levels rather than short bursts of increased adrenal activity are required to 
elicit this phenomenon. 

7. Data correlating increased phosphatase activity and urinary excretion 
of 17-hydroxycorticoids are presented and discussed. 

8. In chronic myelocytic leukemia native alkaline phosphatase activity of 
leukocytes is low and the ability to respond to ACTH or hydrocortisone is 
absent or only minimally present despite evidence of good adrenal function in 
terms of 17-hydroxyeorticoid excretion. This is true in most therapeutically 
induced remissions, but two unusual exceptions have been observed during 
essentially complete initial remissions early in the course of the disease. The 
implications of this occasional reversion of the phosphatase activity pattern 
are discussed in detail with some speculation as to its possible mechanism. 

9. While the phenomenon of increaed unit cell alkaline phosphatase activ- 
ity occurs as a result of many natural ‘‘stresses’’ and the administration of 17- 
hydroxycorticosteroids, it is not to be assumed at this time that the adrenal 
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mechanism is the only one by which this phenomenon is elicited. The data sug- 
eest that nonadrenal mediated responses or combinations of adrenal and non- 
adrenal mechanisms may be involved in certain instances. The elucidation of 
mechanisms involved requires further work. 


The authors gratefully acknowledge the technical assistance of Mrs. Estelle Wong, 
Mr. Peter Shugarman, Miss Elaine Levi, and Mrs. Carol Levin. 
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SODIUM AND POTASSIUM ALTERATIONS IN RED CELLS 
OF PATIENTS WITH SICKLEMIA 


JOHN Quincy ApaAms, M.D., M.S. 
Mempuis, TENN. 


HE current uncertainty regarding the transfer of electrolytes in blood of 

patients with sickle-cell disease has prompted several excellent reports during 
the past decade. As early as 1937, Erickson! found that the electrolyte distribu- 
tion in the red cells of patients with sickle-cell anemia differed somewhat from 
normal. She reported approximately 10 per cent less potassium in sickled cells 
than in normal red cells. Tosteson, Shea, and Darling? studied the distribution 
of sodium and potassium in both oxygenated and nonoxygenated red cells of 
sickle-cell anemia. They reported that when sickle-cell anemia cells pass from 
the oxygenated to the nonoxygenated state the cells lose approximately 25 
meq. of potassium and gain 13 meq. of sodium per liter. However, when the 
sickling process was blocked with carbon monoxide there was no potassium 
loss or sodium gain. Thus, the difference was related to the mechanical process 
of sickling rather than to anoxia per se. 

Maizels,’ in 1945, reported that the amount of plasma remaining in the 
intercellular spaces upon centrifugation depended upon the size of the cells 
and the speed at which they were centrifuged. He found that normal blood 
when centrifuged in 7 mm. I.D. tubes had a remaining intercellular plasma 
amounting to 2.7 per cent of the packed cell volume. This, they concluded, 
was so small that it could be neglected for practical purposes. Clarkson and 
Maizels* recently reported that in centrifuged oxygenated sickle cells the inter- 
cellular plasma amounts to 2.7 per cent of the total volume, but in non- 
oxygenated sickle cells the intercellular plasma increases to 8.5 per cent of the 
volume. This is highly significant when compared with 2.3 per cent for 
oxygenated and 2.6 per cent for nonoxygenated cells of patients with sickle- 
cell trait. 

When red cells of patients with sickle-cell anemia become sickled through 
reduction, assuming the multipointed, odd shapes and becoming very rigid and 
brittle, the ability to pack them tightly by centrifugation is seriously impaired. 
Therefore, as shown by Clarkson and Maizels,* the intercellular spaces under 
these circumstances are larger and contain much more plasma than under 
oxygenated circumstances with round, even, dise-shaped cells (Fig. 1). This 


being true, it is reasonable to assume that previous reports indicating a shift 
in cellular electrolytes in sickle-cell anemia might be in error. It is possible 
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that these red cells do not actually lose potassium and gain sodium but that 
this is a deceptive phenomenon produced by the increased dilution of the 
packed cells with plasma. 

Clarkson and Maizels* suggested that the alterations in the relative 
proportions of plasma and red cells in the packed cell volume in the oxygenated 
and nonoxygenated states might be estimated through the measurement of the 
hemoglobin concentration per unit volume of packed cells. In nonoxygenated 
sickled cells containing a greater amount of intercellular plasma there is a 
corresponding reduction in hemoglobin per unit volume of packed eells. It is 
possible to measure accurately the hemoglobin per unit volume of cells and the 
electrolyte composition of the plasma and packed cells in vitro. If the relative 
hemoglobin concentrations could be determined in oxygenated and nonoxy- 
genated samples of sickle-cell anemia, sickle-cell trait, and normal packed eells 
and these compared with the relative concentrations of potassium and sodium 
in similar samples, one would be able to determine if the electrolyte alterations 
were proportional to volume changes. 


— OIL - 


PLASMA 


Gey 
ES 


OX YGENATED NONOXYGENATED 


ie. i. 


In the present study, these determinations were made on each of the 3 
types of blood and the results are presented in the form of a comparative 
analysis of the ratios. 

K,/Na, and K,/Na, 

K,/Hgeb, and K,/Hegb, 

K,/ Key and Hgb,/Hegb, 

Where 

K, potassium concentration of oxygenated sample of cells, 

Nay sodium concentration of oxygenated sample of cells, 

Heb, hemoglobin coneentration of oxygenated sample of cells, 

Ky potassium concentration of nonoxygenated sample of cells, 

Na, = sodium concentration of nonoxygenated sample of cells, 

Hgb, = hemoglobin concentration of nonoxygenated sample of cells. 
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MATERIAL 


Blood used in this study was drawn from 13 normal patients, 17 patients with 
sickle-cell trait, and 10 patients with sickle-cell anemia. Of these, 2 were men and 38 
were women. There were no complicating diseases and none of the patients were febrile, 
Any patient suspected of having an abnormal electrolyte pattern through any cause was 
excluded from the study. 


METHODS 


Blood was drawn from the antecubital vein of the patient with a 20 ml. syringe con- 
taining 3 drops of heparin.* Ten ml. of blood was placed in each of two tubes and 
covered with a half centimeter layer of mineral oil. Each tube contained 2 drops of 
heparin. One sample was allowed to deoxygenate by standing at room temperature for 
one hour. The other sample was thoroughly oxygenated by slowly and carefully bubbling 
oxygen through it for one hour. There was no evidence of hemolysis after either pro- 
cedure. The nonoxygenated sample for hematocrit was taken from the original blood and 
placed in a Wintrobe tube. The blocd was covered with oil and allowed to stand at 
room temperature for one hour before it was centrifuged. The oxygenated sample for 
hematocrit was taken from the oxygenated tube of blood at the end of the hour, kept 
under oil, and centrifuged immediately. Both the nonoxygenated and oxygenated samples 
for hematocrit were centrifuged simultaneously in an International Centrifuge, Size 2 


at 3,000 r.p.m. for 45 minutes (2,300 g). The tubes containing the oxygenated and non- 
oxygenated bloods covered with oil were also centrifuged in the same manner. The 
plasma was pipetted from beneath the oil and prepared for flame photometric analysis in 
the manner previously deseribed by Overman and Davis.5 One milliliter of packed cells was 
carefully pipetted from beneath the oil and immediately diluted in 16 ml. of solution 
containing 13.47 meq. of lithium per liter. Sickled cells are notoriously difficult to pipette 
and stick tenaciously to the sides of the pipette. To remove all cells, the pipette was 
washed thoroughly with the lithium solution. The cells hemolyzed immediately leaving 
the hemoglobin in solution. This hemoglobin solution was mixed well and completely) 
oxygenated by swirling the flask. A 1.0 ml. aliquot of this solution was carefully pipetted 
into 20 ml. of water making a final hemoglobin dilution of 1:320. This solution was 
mixed well and the optical density of the oxyhemoglobin determined in a Coleman Junio: 
Spectrophotometer at a wave length of 580 my. The optical densities of oxyhemoglobin 
were used in comparisons with the sodium and potassium concentrations. The remainder 
of the solution of 13.47 lithium and hemoglobin was prepared for flame photometry in the 
usual manner.5 All sodium and potassium determinations were made on a Perkin Elmer 
Internal Standard Flame Photometer. The following data have been tested for significance 
by the t distribution curve. 


RESULTS 

Hematocrit and Hemoglobin.—The changes in hematocrit and hemoglobin 
per unit volume of packed cells between oxygenated and nonoxygenated samples 
of normal, sickle-cell trait, and sickle-cell anemia bloods correlate well, especially 
in sickle-cell anemia blood where significant differences occur (Table I). Be- 
cause of increased intercellular plasma in the nonoxygenated samples of sickle- 
cell anemia blood, the packed cell volume (hematocrit) is increased by 9.8 per 
cent over the packed cell volume of the oxygenated sample. This corresponds 
closely with the 8.5 per cent reported by Clarkson and Maizels.* Assuming that 
the plasma in the oxygenated sample is negligible, 9.8 per cent of the packed cell 
volume of the nonoxygenated sample constitutes plasma. Thus, the hemoglobin 


*Heparin Sodium injection 1,000 units per ml., The Vitarine Company, New York. 
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per unit volume of packed cells is decreased by this amount. Actual determina- 
tions of the optical density of oxyhemoglobin in 1 ml. of both oxygenated and 
nonoxygenated packed sickle cells reveal that the nonoxygenated sample has 
9.9 per cent less hemoglobin per unit volume. 


TABLE I. DIFFERENCES (POSITIVE) IN HEMATOCRIT AND HEMOGLOBIN (PER UNIT VOLUME 
OF PACKED CELLS) BETWEEN OXYGENATED AND NONOXYGENATED SAMPLES 
EXPRESSED IN PER CENT 


“HEMATOCRIT PER CENT HEMOGLOBIN PER CENT 





Normal Sl a 17 
SCT 1.7 14 
SCA 9.8 9.9 


— 








The hematocrit and hemoglobin concentration for sickle-cell trait bloods are 
not different from normal. Considerably greater reduction in oxygen tension 
is necessary to produce sickling in sickle-cell trait blood than in sickle-cell anemia 
blood. From these findings it might be concluded that the oxygen tension was 
not reduced sufficiently to produce sickling in the trait blood. Conversely, the 
observed differences in hematocrit and hemoglobin per unit volume of packed 
cells in the sickle-cell anemia blood indicate that reduction had oceurred even 
though it might not have been complete. 


K/Na Ratios——An analysis of the potassium to sodium ratios reveals that 


when potassium and sodium determinations are made in the usual manner upon 


sickled red cells packed by centrifugation and compared with normal red cells, 
significant alterations in the electrolyte content are noted (Table II). This 
fact has been observed and reported previously by several investigators* * in- 
cluding Erickson and co-workers.’. It was apparently this finding that prompted 
the econelusions of electrolyte shifts in the red cells upon sickling. When one 
considers only the K/Na ratios there is no doubt that significant alterations 
occur. However, this in no way explains how such alterations might be pro- 
duced, 


TABLE IT. COMPARISON OF RATIOS K,/Na, AND K,/Na, FOR NORMAL, SICKLE-CELL TRAIT, 
AND SICKLE-CELL ANEMIA RED CELLS 


| — Ky/NAg 
|—— 








NO. SAMPLES 


AVERAGE | AVERAGE 
Normal = «444-906 6.37 6.42 
SCT 17 3.75-7.90 5.77 3.95-7.88 6.00 
SCA 1.97-4.93 3.31 1.33-3.32 2.27 








Erickson reported the K/Na ratio in normal blood to be 7.0, sickle-cell 
anemia blood 5.9, and sickle-cell trait blood 10.4. From Table II, with the 
exception of the sickle-cell trait, the present series corresponds reasonably well 
with the results of Erickson. 

K,,/K, and Hgb,/Hgb, Ratios—The inerease in hematocrit and correspond- 
ing deerease in hemoglobin per unit volume of packed cells constitutes the best 
evidence for plasma dilution of the packed cell volume of sickled red cells. If the 
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degree of decrease of hemoglobin per unit volume and the degree of reduction of 
potassium concentration in the red cells is compared it is apparent that both are 
reduced approximately the same amount. Table III shows the values for the 
ratios K,/K, and Hgb,/Hgb, and indicated that there is no significant difference 
between these two ratios in any of the types of blood. The reduction in potas- 
sium parallels the reduction in hemoglobin and, therefore, the so-called potassium 
transfer could be due to dilution alone. 





TABLE III. VALUES FOR THE Ratios K,/K, AND Hes,/Hap, ror NorRMAL, SICKLE-CEL| 


TRAIT, AND SICKLE-CELL ANEMIA BLOODS 
































| K,/Ky | ~ -HGB,/HGB, 
NO. SAMPLES RANGE | AVERAGE | RANGE | AVERAGE 
Normal 13 .95-1.00 .97 .97-1.05 99 
SCT 17 .93-1.03 97 .95-1.05 1.00 
SCA 10 .73- 98 87 .79-1.00 .92 











The per cent reduction of potassium and hemoglobin also has been caleulated. 
When red eells of sickle-cell anemia pass from the oxygenated to the nonoxy- 
genated state, 9.9 per cent of the hemoglobin and 13.1 per cent of the potassium 
is lost. The difference between the two is not significant. Under the same condi- 
tions the cellular sodium was found to be increased by 21.5 per cent. This 
increase in cellular sodium is presumably from plasma contamination. The 
greater increase in sodium gain than in potassium loss might be explained by 
the fact that the plasma, volume for volume, contains an average of 30 to 55 
per cent more sodium than the red cells contain in potassium. An increase in 















plasma and proportional decrease in cells produces a greater percentage sodium 
gain than potassium loss. 

K,/Hgb, and K,/Hgb, Ratios.—Table IV shows the values for the K/Hgb 
ratios in both the oxygenated and the nonoxygenated samples. No significant 
differences occurred in this group. This adds further statistical evidence that 
the reduction in potassium and hemoglobin are proportional. 


TABLE IV. 









VALUES FOR THE RATIOS K,/HeB, AND K,/HGB, FoR NORMAL, SICKLE-CELL TRAIT’, 
AND SICKLE-CELL ANEMIA RED CELLS 





| K,/HGB, 

















| Kn / HOB, DIFFERENCE 
|NO. SAMPLES} RANGE | AVERAGE | RANGE | AVERAGE (PER CENT) 
Normal 13 321-388 348 312-379 338 2.9 
SCT 17 286-348 317 268-345 306 3.4 
SCA 10 194-270 232 162-257 218 


6.0 











Calculated Values.—It is interesting to compare the calculated values for 
cellular sodium and potassium of each sample of sickle-cell anemia blood with 
the values actually obtained by flame photometry. These calculated values are 
based upon the volume change in the packed cells of each sample upon sickling 
and were calculated from the per cent reduction in hemoglobin, and therefore 
the degree of plasma contamination of each sample of sickle-cell anemia blood. 
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For example; the nonoxygenated tube of this sample contained 5.4 per cent 
less hemoglobin per volume of packed cells than the oxygenated tube. The actual 
values for sodium and potassium in the oxygenated sample as determined by 
flame photometry were as follows: 


Sodium, plasma 133.8 meq./liter 
cells 22.7 meq./liter 
Potassium, plasma 4.2 meq./liter 
cells 90.0 meq./liter 


If we assume that a liter of oxygenated red cells contains a true 1,000 ml. 
of red cells, and the nonoxygenated sample contains 5.4 per cent less, then, the 
nonoxygenated sample contains 946 ml. red cells and 54 ml. of plasma. From 
this volume change the expected electrolyte composition would be as follows. 
Sodium Potassium 
Contribution from cells 22.7 85.1 
Contribution from plasma 7.2 0.2 


Total 29.9 meq./liter 85.3 meq./liter 


On the basis of volume change we would expect the nonoxygenated red 
cells to contain 29.9 meq./liter of sodium and 85.4 meq./liter of potassium. The 
same calculations were made for all sickle-cell anemia samples and the results 
are shown in Table V. The caleulated values represent the results as caleulated 
above and the actual values represent the measured electrolyte content of each 
nonoxygenated sample. The differences between these groups are not signif- 
leant. 


TABLE V. COMPARISON OF THE CALCULATED AND ACTUAL VALUES FOR SODIUM AND POTASSIUM 
CONCENTRATIONS (EXPRESSED IN MILLIEQUIVALENTS PER LITER OF RED CELLS) IN 
NONOXYGENATED SAMPLES OF SICKLE-CELL ANEMIA RED CELLS 





SODIUM | POTASSIUM 
CALCULATED ACTUAL CALCULATED ACTUAL 
29.9 30.0 85.4 79.2 
31.7 31.6 79.8 73.7 
52.3 38.3 64.3 68.7 
39.1 46.7 76.0 68.1 
46.1 45.6 66. 60.0 
40.8 29.7 74.6 73.8 
26.9 23.8 (yf 78.2 
23.7 25.3 86.8 84.1 
29.9 28.8 81. 77.9 
42.6 62. 56.7 














3. 72.0 


_ € 
_ Average 


‘ 





DISCUSSION 

If, when sickle cells pass from the oxygenated to the nonoxygenated state 
there is a loss of potassium and a gain in sodium by increased cell permeability 
or by any other means, one could postulate these changes should occur in vitro 
as well as in vivo. If the cells lose potassium and gain sodium in vitro, the 
plasma should reflect these changes. The plasma under these conditions should 
contain higher than normal amounts of potassium and lower than normal 
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amounts of sodium. The sodium and potassium concentrations in the plasma 
from the oxygenated samples were not significantly different from those in th 
plasma from the nonoxygenated samples. This fact, together with the data 
presented above, is sufficient evidence to raise a considerable doubt regarding 
any electrolyte shift in red cells upon sickling. 


SUMMARY 


When sodium and potassium determinations are made in the usual manner 
on sickled red cells packed by centrifugation, significant alterations are noted. 
Evidence has been presented indicating that these alterations are not the re- 
sult of cellular electrolyte shifts but are produced by the inerease in inter- 
cellular plasma in the nonoxygenated sample. The rigid, elongated sickled 
cells do not pack as tightly as the normal cells and consequently the packed 
cells are diluted by various amounts of plasma. This dilution phenomenon 
is sufficient to explain the electrolyte alterations observed in sickle-cell anemia. 
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STUDIES ON ANTIGENS IN THE HUMAN CORNEA AND THEIR 
RELATIONSHIP TO CORNEAL GRAFTING IN MAN 


E. NELKEN, M.D., I. C. MicHaE.son, F.R.F.P.S., DOMS, Pu.D., M.D.,* 
D. NELKEN, M.D., ANp J. Gurevircu, M.D.** 
JERUSALEM, ISRAEL 


MAJOR problem in corneal surgery is the late clouding of a technically 
A successful, clear graft. Ophthalmic surgeons have expressed the opinion 
that the cause of this phenomenon is something other than purely technical 
and have suggested various explanations.’ 2? The idea of a possible connection 
between immunity reactions and corneal grafting arose in 1948 when Paufique, 
Sourdille, and Offret* described the late clouding of the graft as a disease 
entity, “the disease of the graft,” and suggested some allergic factor as being 
responsible in a group of the cases. Furthermore, Medawar* demonstrated 
experimentally that the failure of homoplasty in general surgery is due to an 
immune reaction between the recipient and the donor tissues. It was consid- 
ered possible, therefore, that failures in corneal grafting, other than technical, 
could be connected with a similar reaction. In fact, Billingham and Boswell® 
and Maumenee® were able to demonstrate that rabbit cornea is capable of 
eliciting an immune reaction to which it may succumb. As to the possible 
significance of the blood group of the recipient and of the donor in corneal 
grafting, Franeeschetti’ expressed the opinion in 1949 that there is no such a 
significanee and this is generally accepted today. 

In a preliminary communiecation® the present authors reported the results 
of studies on ABO antigens in the human cornea. By adsorption and elution 
experiments the existence of A and B antigens in the human cornea, corre- 
sponding to these antigens in red blood cells, was established. 

The following is a detailed report of the methods used in this study and 
the results of further examinations of the human cornea for antigens, inelud- 
ing those of the Rh type. In addition, the results of serologic observations in 
patients after corneal grafting are presented, as are the results of the ex- 
amination of human aqueous humor for anti-A and anti-B antibodies. 


MATERIALS AND METHODS 


Preparation of Corneal Material—Eyes of cadavers were enucleated under sterile con- 
ditions as soon as possible after the death, but in no case later than 12 hours after death. 
Simultaneously, heart blood was taken by puncture for the determination of the blood 
group, isoagglutinin titer, and Rh antigens. The eyes were kept in a moist environment 
at a temperature of 4° C. for not longer than 24 hours, after which the corneas were re- 
moved and used either as donor material in grafting operations or employed for the present 
experiments. 


: This study was aided by a grant from the Hadassah Medical Organization Research 
“unds. 
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Every cornea was first rinsed in physiologic saline and then frozen in 0.3 ml. of this 
solution in a small serologic test tube. Thus frozen it was kept, until used, at a tempera- 
ture of —20° C. for a variable period up to 8 weeks. The frozen corneal material then was 
allowed to thaw at room temperature and thereafter cut into very fine, thin slices with 
the aid of a small scissors and sealpel. These slices, in the saline in which the cornea was 
originally frozen, were now homogenized in « small Pyrex glass tissue grinder with 
glass pestle connected to a variable-speed stirring apparatus. As a precaution against a rise in 
temperature the whole homogenizer was immersed in an ice bath. A further 0.3 ml. of 
saline was added to the homogenate during homogenization; the latter was carried out for 
about 30 minutes, with many interruptions in order to prevent excessive heat production. 
The very fine, white, pasty homogenate served as antigenic material. The particles of the 
homogenate were from 2 to 12 uw in diameter. 


a Pyrex 


Preparation of Sera.—Sera used in adsorption experiments were prepared from blood 
of healthy donors, taken under sterile conditions. Only clear and uncontaminated sera 
were selected for use and, after inactivation at 56° C. for 30 minutes, were titrated for 
anti-A and anti-B isoagglutinins by the double serial dilution method against freshly pre- 
pared, red blood cell suspensions. The minimal titer of isoagglutinins in sera used for 
adsorption experiments was 1:128. The sera were stored at —20° C. until used. 
taken that no serum froze and thawed more than once. 


Care was 


Preparation of Aqueous Humor.—Aqueous humor was obtained under sterile con- 
ditions by puncture and aspiration of the anterior chamber of the eye from which the 
cornea was used. From every eye about 0.1 ml. of fluid was obtained which was frozen 
at -20° C. Until used, every sample was kept separately. 

Preparation of Papain-treated Erythrocytes—Blood was taken from healthy donors 
of a known blood group. To 0.25 ml. of freshly obtained, packed red blood cells (washed 
3 times), 4.5 ml. of normal saline, pH 7 was added. To this cell suspension 0.5 ml. of a 
1 per cent papain stock solution was added and incubated in a water bath at 37° C. for 
30 minutes. The cells then were washed twice and resuspended in normal saline to make 
a cell suspension of desired concentration. The papain used was always from the same 
chemical manufacturer’s source, its activity being measured by the gelatin-assay method. 


EXPERIMENTAL 
Part 1. Adsorption and Elution Experiments.— 


a. Adsorption experiments with corneal homogenates from individuals of blood groups 
A, B, O, and AB: Adsorption experiments were performed in siliconized tubes to prevent 
the adherence of corneal material to the glass. 0.5 ml. of corneal homogenate was added 
to 0.5 ml. of O serum, the latter being undiluted or diluted with normal saline in a pro 
portion of 1:1. The cornea-serum mixture was left for 6 hours at a temperature of 6° C., 
and was shaken every 30 minutes. The corneal homogenate was separated by centrifuga 
tion (2,000 r.p.m. for 10 minutes) and the antibody titer of the supernatant determined. 
Twenty-eight different adsorption experiments were performed with corneal material from 
individuals of blood groups A, B, O, and AB (respectively, 8, 7, 9, and 4 instances of each). 

When O serum was adsorbed by corneal material from an individual of blood group 
A or an individual of blood group B, only the titer of the corresponding isoagglutinin was 
reduced, while the titer of the other agglutinin remained unchanged. When O serum was 
adsorbed by corneal homogenates from individuals of blood group AB, adsorption of 
both anti-A and anti-B isoagglutinins was obtained. When corneal material from indi- 
viduals of blood group O was used, no reduction whatsoever could be detected in either 
the anti-A or anti-B titer of the serum. In all cases corneal material showed the same 
antigenic reactions as erythrocytes. Table I gives typical results of adsorption experi 
ments. 

In 3 cases, repeated adsorptions were performed with corneal homogenates. The titer 
of the antiserum was by this means reduced from 1:128 to 1:1. Three consecutive adsorp- 
tions were necessary to achieve this reduction. Table II summarizes the results of one such 
repeated adsorption experiment, 
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TABLE I. TyYPIcAL RESULTS OF ADSORPTION AND ELUTION EXPERIMENTS 








| BLOOD GROUP OF INDI- | TITER OF SERUM O 
VIDUAL FROM WHOM |AFTER ONE ADSORPTION TITER OF ELUATE 
TITER OF SERUM O CORNEA WAS | WITH CORNEAL AGAINST RED BLOOD 
BEFORE ADSORPTION OBTAINED HOMOGENATE CELLS 
Anti-A 1: 64 A i: 8 1:4 
Anti-B 1:128 1:128 0 











Anti-A : 64 1: 6: 0 
Anti-B :128 1: 64 ls 
Anti-A : $2 . & Ps 
Atni-B : 64 : $2 . 
Anti-A : 64 : 0 
Anti-B 7128 


TABLE II. RESULTS OF 3 CONSECUTIVE ADSORPTIONS OF SERUM B WITH CORNEAL HOMOGENATES 
OF BLoop GRouP A 


‘TITER OF SERUM B | 71 | 1:2 | $ | 3S | E216 34 | 1:6 | 1:128 





Before adsorption + - ++ 7 
After first adsorption 

After second adsorption 

After third adsorption 


b. Elution experiments: Eluates were prepared from corneal homogenates which had 
been used in adsorption experiments. The adsorbates were washed 3 times in large amounts 
of normal saline to ensure removal of all traces of serum. The washed corneal sediment 
was resuspended in 0.4 ml. of normal saline and vigorously shaken by hand in a water 
bath of 56° C. for 5 minutes. It was then centrifuged at 3,000 r.p.m. for one minute in cups 
jacketed with water at 56° C. and the eluate immediately removed. Using the above 
technique, eluates from 28 different samples of corneas were prepared and examined for 
agglutinating capacity against erythrocytes, In all cases these eluates showed similar 
serologic reactions to those of eluates from erythrocytes. Table I gives typical results 
of elution experiments. 

e. Adsorption and elution experiments with corneal homogenates from Rh-positive and 
Rh-negative individuals: Corneal homogenates from Rh-positive and Rh-negative indi- 
viduals were tested for their capacity to adsorb anti-Rh antibodies; high titered anti-Rh 
sera with complete or incomplete antibodies were used. The adsorption tests were carried 
out for 8 hours with frequent shaking in a water bath of 37° C. Eluates were prepared 
after the adsorption tests. 

Experiments with corneas from 6 Rh-positive and 6 Rh-negative individuals were 
performed. In no case was there a reduction in the titer of the anti-Rh antibodies of 
serum mixed with corneal homogenates obtained from Rh-positive individuals. The elu- 
ates of both Rh-negative and Rh-positive individuals weakly agglutinated Rh-positive red 
blood eells. 

Thus by means of adsorption and elution experiments it was not possible to determine 
whether the human cornea possesses Rh antigens. It is of interest that in cre case (see 
Part 2) an Rh-negative patient who underwent 2 graftings of cornea from Rh-positive in- 
dividuals did not develop demonstrable anti-Rh antibodies. 

d. Assay of corneal antigenicity in comparison with that of erythrocytes and epid- 

mis: Recent studies?, 10 have demonstrated the presence of A and B antigens in the 
uman epidermis. In the present experiments, when the same antiserum was adsorbed for 
} hours by equal amounts of packed red blood cells, packed corneal homogenate, and packed 
pidermal homogenate from individuals of the same blood group, a reduction of the titer 
sild be observed in all 3 instances. The relative ability of the different tissues to adsorb 
the isoagglutinins of the serum was taken as an arbitrary measure of their antigenic 
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activity. The reduction in the titer of the antiserum was most marked when erythroc) 
were used for the adsorption. One adsorption was usually sufficient to reduce the titer 
from 1:128 to 0. The corneal material usually reduced the titer from 1:128 to 1:32, while 


the epidermal homogenate reduced it from 1:128 to 1:64 only, Table III shows typical 
results of comparative adsorption experiments, 10 of which were carried out. 


TABLE IIIT. COMPARATIVE ADSORPTION EXPERIMENTS OF THE SAME ANTISERUM BY CORNEAI 
HOMOGENATE, EPIDERMAL HOMOGENATE, AND ERYTHROCYTES FROM A 
Group A INDIVIDUAL 








TITER OF SERUM B | 
Before adsorption 
After adsorption with 
corneal homogenate 
After adsorption with 
epidermal homogenate 
After adsorption with 
erythrocytes 





Part 2. Serologic Observations After Corneal Grafting.— 

The corneas used for transplantation were in all cases obtained from cadavers, as 
described above. Heart blood was taken simultaneously from the cadavers for determina- 
tion of the blood group and Rh antigens. The blood group of the recipient was determined 
before operation and specimens of the patient’s blood were taken also postoperatively at 
5-day intervals for about 8 weeks. All specimens, both pre- and postoperative, were left 
to clot at room temperature for 2 to 3 hours and thereafter centrifuged. The serum was 
drawn off and frozen at —20° C. All titrations were performed only after the last specimen 
of blood had been taken and were performed simultaneously against a suspension of the 
same red blood cells. Both papain-treated and untreated red cells were used, and titrations 
were performed at room temperature and at 37° C. Titrations in 15 per cent albumin-AB 
plasma mixtures also were carried out. These various methods of titration did not show 
marked differences in results. The sera of 16 patients were examined; 12 of these pa- 
tients had received lamellar corneal grafts and 4 had had perforating keratoplasty opera 
tions. The blood groups of the individuals from whom the corneal grafts were taken and 
those of the recipients are listed in Table IV. 


TABLE IV. BLoop Groups OF RECIPIENTS AND OF INDIVIDUALS FROM WHOM GRAFTS 
WERE OBTAINED 


| BLOOD GROUP OF 
TYPE OF CORNEAL | INDIVIDUAL FROM WHOM BLOOD GROUP 01 


GRAFTING 


CORNEA WAS OBTAINED RECIPIENT 
Lamellar B A 
Lamellar B A 
Lamellar B 
Lamellar 
Lamellar 
Lamellar 
Lamellar 
Lamellar 
Lamellar 
Lamellar 
11 Lamellar 
12 Lamellar 
13 Perforating 
14 Perforating 
15 Perforating 
16 Perforating 


In the 12 patients who had received lamellar corneal grafts from individuals of the same 
or different blood groups, no change in the anti-A or anti-B titer was observed. However, 
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in the 3 patients who underwent perforating keratoplasty with material from individuals 
of an incompatible blood group, a rise in titer was observed, while in the one patient who 
received material from an individual of group O no such rise could be demonstrated. Thus 
in Patients 13, 14, and 15 a rise in titer in at least one tube could be observed starting 
after the tenth postoperative day and remaining elevated for about one month. In Patient 
16, corneal material from a group O individual was used and no titer rise could be detected 
in 11 samples of serum obtained during the 2-month postoperative period. 

Table V shows the titer changes in Patient 13, In this case the titer rise was more 
marked than in the 2 other patients. 


TABLE V, TITRATIONS IN CASE No. 13 
(RECIPIENT OF BLOOD Group B; CORNEAL MATERIAL FROM INDIVIDUAL OF BLOOD GROUP A) 


SERUM _ ani a ~ ANTI-A TITER 
NO, TIME 








1:128 3256 | 1:512 

l 3efore operation ++ - 

, Sixth postoperative day 
Thirteenth postoperative day 
Sixteenth postoperative day 
Twenty-second postoperative 

day 
Thirtieth postoperative day 
Thirty-fourth postoperative day 

Ss Thirty-ninth postoperative day 

9 Forty-fourth postoperative day 

10 Fiftieth postoperative day 

11 Fifty-fifth postoperative day 

12 Sixtieth postoperative day 





I+ 


I+ 1+ 4 


+ It lt 1+ 1+ 4 
It lt I+ 1+ 1+ 14+ 1+ 





In Patient 11, 2 lamellar corneal transplantations were performed. The patient was 
of blood group AB Rh— Hr+ and both grafts were from O Rh, Hr+ individuals. The patient 
did not develop anti-Rh antibodies, His serum was examined for anti-Rh antibodies by in- 
ecubating O Rh, Hr+ cells for 2 hours at 37° C. in various samples of his serum obtained 
after the operations. When no agglutination was observed the indirect antiglobulin test 
was performed, but still no anti-Rh antibodies could be demonstrated. All in all, 14 


samples of his serum were examined up to 6 weeks after his second operation, 
Part 3. Isoagglutinins in Human Aqueous Humor.— 


Aqueous humor, prepared as described above, was examined for isoagglutinins, Into 
each of 2 test tubes, measuring 7.0 x 0.8 em., was put 0.1 ml. of aqueous humor; 0.05 ml. 
of a 1 per cent suspension of papain-treated red blood cells of group A was added to one 
tube and a like quantity of papain-treated group B cells to the other tube. The tubes 
were allowed to stand for 2 hours at room temperature, being shaken by hand every 30 
minutes. Results were read after 2 hours, the tubes being first centrifuged for one minute 
at S00 to 1,000 r.p.m. 

Concomitantly with the examination for isoagglutinins in the aqueous humor, the 
serum of the individual from whom the aqueous humor was obtained was examined for iso- 
agglutinins against freshly prepared (nonpapain-treated) red blood cell suspensions. 


Twenty-four samples of aqueous humor were examined and it was found that aqueous 


humor contained anti-A and/or anti-B antibodies in all cases where the isoagglutinin titer 


of the serum was 1:64 or higher. Isoagglutinins could be detected in the aqueous humor 
only by agglutination of papain-treated red blood cells except in one case where the iso- 
agglutinin titer of the serum was 1:1,024. In this case isoagglutinins in the aqueous humor 
could be demonstrated also by the agglutination of red blood cells which had not been 
treated with papain, 

Table VI gives some results of the agglutination of papain-treated red blood cells by 
aqueous humor. 
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TABLE VI. AGGLUTINATION OF PAPAIN-TREATED ERYTHROCYTES BY AQUEOUS HUMOR 











BLOOD GROUP OF 


INDIVIDUAL FROM WHOM 


AQUEOUS HUMOR 
WAS OBTAINED 


SERUM TITER OF 


INDIVIDUAL FROM WHOM 
AQUEOUS HUMOR WAS 


OBTAINED 


| 


GROUP OF 
PAPAIN-TREATED 
TEST CELLS 


AGGLUTINATION OF 


ERYTHROCYTES IN 
AQUEOUS HUMOR 





O Anti-A 1:256 7 
Anti-B 1: 16 0 


A Anti-B 1: 64 + 
B Anti-A 1:128 y + 


AB - y 0 
0 


*Results are stated as positive or negative only because no titration of the very small 
quantity of aqueous humor obtained could be performed. 


COMMENT 


The cause of the late clouding in successful corneal grafts is not known. 
As corneal grafts are homografts the question has arisen® as to whether the 
sause does not lie in a mechanism similar to that which operates in the break- 
down of skin homotransplants. Medawar* has shown that the latter is pro- 
duced by an immunologic reaction between the recipient and donor tissues. 
Klima’ has demonstrated that corneal tissue too, like skin, is antigenic. By 
repeated injections of corneal material of one rabbit into the cornea of another 
he was able to produce keratitis in the recipient. 

Maumenee,® performing perforating corneal homotransplantations in rab- 
bits, was, in fact, able to produce opacification of successful grafts by trans- 
planting skin from the donor of the corneal graft to the skin of the recipient. 
Skin from “unrelated” donors did not affect the corneal graft. Maumenee 
stressed the similarity between the corneal opacification in rabbits and the 
late clouding of corneal grafts in man. 

Billingham and Boswell® found that corneas transplanted to the chest wall 
of rabbits were destroyed by an immunologic process. By cross-immunization 
experiments with corneal and epidermal material, these investigators showed 
that cornea and epidermis share common antigens. 

In spite of the antigenicity of the cornea, a considerable proportion of 
corneal grafts both in animals and man are successful. The current explana- 
tion for this success is, first, that the graft is too small and, therefore, anti- 
genically ineffective in inducing an immune reaction. Second, that the avas- 
cularity of the surroundings of the corneal graft prevents it from being de- 
stroyed, as antibodies are unable to reach it. As regards the first contention, 
Klen’s*® ** study is of significance. He examined changes in serum antibody 
titers of the ABO and Rh systems after corneal grafting operations and ob- 
served titer rises in over two-thirds of the cases in which grafts of incom- 
patible donors were used. Titer rises were found also in some eases in which 
there was no incompatibility. No differentiation between lamellar and per- 
forating keratoplasty is mentioned in Klen’s study. In our own small series, 
a serum titer rise was observed in cases of perforating keratoplasty where 
the donor material was from an individual of an ineompatible blood group 
with that of the recipient. 
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This finding suggests that the A and B antigens of the cornea may be of 
significance in grafting operations. Although our material is too scanty for 
definite conclusions, one may perhaps speculate that the immune reaction was 
observed only after perforating keratoplasty, possibly because the graft came 
into direct contact with the aqueous humor. In lamellar keratoplasty the graft 
is smaller in volume and has no direct contact with the aqueous. 

The second contention—regarding the inability of antibodies to reach the 
avascular corneal graft—is in some measure based on Medawar’s" finding that 
skin homotransplants into the anterior chamber of the eye of immunized rab- 
bits survive unless they attached themselves to the iris and thus became vas- 
cularized. Medawar was of the opinion that an immunity reaction does not 
take place in the aqueous humor. However, Goldmann and Witmer,'® in 1955, 
showed that bovine and human aqueous humor does contain antibodies and 
that there is a direct relationship between antibodies in the serum and those in 
the aqueous humor. They showed that antibodies pass from the blood into 
the aqueous and vice versa. In the present investigation, we were able to 
demonstrate anti-A or anti-B antibodies in the human aqueous humor when the 
serum isoagglutinin titer was 1:64 or higher. It is possible that these anti- 
bodies may react with an incompatible graft and lead to its opacification even 
if no vaseularization takes place. 


SUMMARY 


The existence of A and B antigens in the human cornea, corresponding to 


these antigens in red blood cells, has been established by adsorption and elu- 
tion experiments. 


Comparative adsorption experiments with corneal and epidermal ho- 
mogenates showed cornea to be the more active in reducing the isoagglutinin 
titer of an antiserum. 

By adsorption and elution experiments it was not possible to determine 
whether the human cornea possesses Rh antigens. 

An immune reaction was found in patients who had undergone perforating 
keratoplasty with grafts from individuals of incompatible blood group. 

Anti-A and anti-B antibodies were demonstrated in human aqueous humor 
in individuals with a high serum isoagglutinin titer. 
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THE EFFECT OF COUMARIN DRUGS UPON PLASMA 
THROMBOPLASTIN COMPONENT 
Artuur E. McErresu, M.D., AnD AYsE Ozer, M.D. 
PHILADELPHIA, PA, 


N 1954, Walker and Hunter! reported abnormal thromboplastin generation 
| in blood obtained from persons receiving coumarin drugs (naphthylhydroxy- 
coumarin) and from patients with hepatocellular disease. The abnormal 
thromboplasin generation occurred as a result of deficiency of some factor 
or factors present in serum. Although they believe that low levels of plasma 
thromboplastin component (PTC or ‘‘Christmas factor’’)* * or of Koller’s fae- 
tor® might be responsible, specific measurements of these factors were not 
recorded. There was no apparent correlation between the generation of throm- 
boplastin and the levels of proconvertin present. 

Sise and associates? reported that Phenindone, and in one instance Dicu- 
marol, produced a deficiency of PTC. They felt that a direct relationship 
existed between the duration of therapy and the diminished levels of PTC. 
We have studied the effect of both Tromexan and Dicumarol on the PTC con- 
tent of the blood; the observations of Sise and co-workers of a reduction in 
PTC following such therapy have been confirmed. However, in contrast to 
their findings, the reduction has been demonstrable in 2 normal volunteers 


within 24 hours. We do not feel that prolonged medication is essential to pro- 


duee a reduetion in the PTC of normal blood. 


METHODS 


1. The clotting time was performed by the Lee-White method using 2 syringes for the 
collection of blood. 

2. Prothrombin was measured by the one-stage method using Simplastin5 as the source 
ot thromboplastin and calcium. 
3. Prothrombin consumption was measured by the one-stage method one hour after 
coagulation had occurred. Pooled plasma treated with barium sulfate was used as a source 
of fibrinogen. 

1. The thromboplastin generation test was performed by a previously deseribed modi- 
fication? of the method of Biggs and Macfarlane.8 

5. Convertin was measured by the method of Biggs and Macfarlane? utilizing plasma 
from a person receiving Tromexan, Such plasma has been shown to be deficient in pro- 
convertin. 


PROCEDURE 


Tromexan and Dicumarol were administered to 2 normal volunteers whose sera were 


Coll 


ected and incubated at 37° C. for 2 hours to destroy thrombin. Normal control sera 
were obtained from the same volunteers prior to the medication. The prothrombin times 
and convertin content of these blood specimens were normal. Tromexan was administered 
in a dose of 600 mg. on the first day and 900 mg. on the second day. Serum was collected 
on the seeond day of administration, approximately 24 hours after the first dose was given 
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Vig. 1.—The effect of serum from a person receiving Tromexan upon the thromboplastin 


generation of blood deficient in PTC, 








TABLE I 





CLOTTING PROTHROMBIN 














TIME CONSUMPTION 
( MINUTE) (SECOND) 

PTC blood plus 0.1 ml. saline 35 13.2 
PTC blood plus 0.1 ml. normal serum 8 36.8 
PTC blood plus 0.1 ml. serum 24 hours after 600 mg. 

of Tromexan 12% 24.0 
PTC blood plus 0.1 ml. serum after 600 and 900 mg. 

of Tromexan 21 29.0 
PTC blood plus 0.1 ml. saline 46 14.2 
PTC blood plus 0.1 ml. normal serum 31.0 
PTC blood plus 0.1 ml. serum 24 hours after 100 mg. 

Dicumarol 914 21.0 








Effect of serum from normal persons receiving Tromexan and Dicumarol upon the 
clotting time and prothrombin consumption of blood deficient in PTC. 
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and on the day following the administration of the last dose. Twenty-four hours after wit 
the ingestion of the first dose, the one-stage prothrombin time was 38 per cent and the nol 
convertin of the serum 76 per cent; these values were 25 per cent and 46 per cent, respec Hi 
tively, one day after ingestion of the last dose. 
Dicumarol was given in a single dose of 100 mg., and blood was collected 24 hours 
later. At this time the prothrombin time was 64 per cent and the proconvertin 92 per 
cent. The level of the PTC in the sera collected was measured by noting the effect of the sera 
upon the clotting time, prothrombin consumption, and thromboplastin generation test of blood “1 
from a person known to be deficient in PTC. This patient has symptoms typical of hemophilia, f1 
PTC plasma PTC plasma 
PTC serum — #P7¢ serum 
$ serum after 600 mgm. 
PTC plasma Tomexan : 
—_—-—- @ Ss 
PTC serum 
1 PTC plasma 
3 normal serum —*****"" 4 PTC serum 
( 
4 serum after 600 8 900 
| mgm. Tromexan 
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with laboratory studies consisting of a normal prothrombin time, normal convertin, ab- 
normal clotting time, poor prothrombin consumption, and poor thromboplastin generation. 
His defect is corrected by stored serum but not by serum absorbed by barium sulfate. 


RESULTS 
The results of these studies are shown in Table I and Fig. 1. 
It is apparent that sera from volunteers who received Tromexan or Di- 


cumarol showed a diminished content of PTC when measured against blood 
from a person known to be deficient in PTC. 


DISCUSSION 


PTC and proconvertin are alike in many characteristics; both are pres- 
ent in serum, are absorbed by barium sulfate, can be eluted by citrate, and are 
stable on storage at 4° C2: ° Both are diminished in the blood of newborn in- 
fants, although PTC levels remain low for a longer period than do the levels 
of proconvertin.*:° The results of the present study indicate that PTC, like 
prothrombin and proconvertin, is reduced by the administration of the cou- 
marin drugs, Tromexan and Dicumarol, and confirm the observations obtained 
hy Sise and associates. The low level of convertin in the sera tested is not 
a factor in the results obtained since the PTC deficient blood itself supplies 
normal amounts of convertin. The small amount of convertin-poor serum 
which was added does not constitute sufficient dilution to cause poor coagula- 
tion on this basis. 


CONCLUSION 


1. Tromexan (ethyl biscoumacetate) and Dicumarol (bishydroxycoumarin ) 
reduced the PTC content of normal persons as evidenced by failure to correct 
the prolonged clotting time, the low prothrombin consumption, and the defi- 
cient generation of thromboplastin in the blood of a patient deficient in PTC. 

2. This reduction was evident within 24 to 48 hours and did not require 
prolonged administration. 
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THE ABSORPTION OF LABELED ERYTHROCYTES FROM THE 
PERITONEAL CAVITY OF HUMANS 
Jack A. PritcHArRD, M.D., AND RUSSELL WEISMAN, JR., M.D. 
Daas, TEX., AND CLEVELAND, OHIO 


N SEVERAL species of animals it has been clearly demonstrated that the 

introduction of erythrocytes into the peritoneal cavity may be followed by 
the transfer of a large number of these cells from the peritoneal cavity into 
the blood stream.’ Studies which have been carried out in humans, how- 
ever, have not utilized methods which would ensure accurate quantitation of 
the amount and the rate of absorption of erythrocytes from the peritoneal 
cavity. Siperstein* observed some increase in the concentration of hemoglobin 
and the number of red blood cells in anemie children who received blood intra- 
peritoneally. Clausen,® using the technique of direct differential agglutina- 
tion, noted an inerease in the number of circulating inagglutinable red cells 
after introducing such identifiable erythrocytes into the peritoneal cavity of 
children. Hedenstedt® attempted to determine the number of morpholog- 
ically identifiable red blood cells appearing in the recipient’s peripheral blood 
following the intraperitoneal instillation of blood from donors with hereditary 
elliptocytosis. 


Labeling red blood cells with sodium chromate containing Cr®*', as done by 
Hollingsworth’ in rabbits, appeared to offer a means for measuring more pre- 


cisely the amount and rate of absorption of red blood cells from the peritoneal 
cavity in humans as well as a means for determining the ability of any ab- 


sorbed red blood cells to survive in the intravascular compartment. The 
following report is concerned with the results of such studies. 


METHODS 


Sodium chromate solution containing 115 to 250 we of Cr51 was added to either an 
Abbott Rachromate bottle or to a 500 ml. Baxter blood collection bottle containing 25 ml. 
of acid-citrate-dextrose solution. Fifty to 100 ml. of blood was added to the flask. The 
mixture was kept at room temperature for 45 to 90 minutes with occasional inversion of 
the flask. Then an equal volume of isotonic sodium chloride was added to the flask, the 
contents mixed, and the flask centrifuged until the erythrocytes were packed. A portion 
of the supernatant fluid was aspirated so that the remaining mixture had a hematocrit 
of approximately 40. The red cells contained 95 per cent or more of the total radioactivity. 

The peritoneal absorption of red blood cells was studied in 13 subjects. In 11, at the 
time of gynecologic or obstetric surgery during which the peritoneal cavity was opened 
transabdominally and in whom the peritoneum appeared to be free from adhesions and 
other disease, the suspension of labeled red blood cells was introduced into the peritoneal 
cavity from a burette through a rubber or plastic tube after closing the peritoneum tightly 
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around the tube. The system was then rinsed with a small volume of isotonic sodium 
chloride solution, the tube removed, and the peritoneum closed tightly. Four received 
their own red blood cells obtained from a peripheral vein; 2 received the hemolysate 
produced by freezing and thawing their own red cells which had previously been labeled 
with Cr51; 2 patients received their own erythrocytes obtained from the peritoneal cavity 
at the time of laparotomy for a ruptured ectopic pregnancy; and 3 patients received red 
blood cells obtained from another donor. Of these 3, one received compatible labeled 
rel blood cells from a donor with sickle cell anemia, one received labeled erythrocytes 
from a donor with hemoglobin © disease, and the third, a 48-year-old type O, Rh-negative 
woman in whom a hysterectomy was performed, received labeled red blood cells from a 
normal donor whose blood type was A, Rh positive. 


In 2 normal post-partum patients no surgieal procedure was performed; the erythro- 


eytes were obtained from each patient by venipuncture, labeled, and then introduced from 
a syringe through a 16-gauge needle directly into the peritoneal cavity after anesthetizing 
the abdominal wall locally with lidocaine. In 3. subjects the sodium chromate-ACD 
mixture, without red blood cells, was introduced intraperitoneally at the time of laparot- 
omy. 

In all subjects blood was drawn at 24- to 72-hour intervals for 9 to 11 days follow- 
ing the introduction of the radioactive material into the peritoneal cavity. In 5 subjects 
additional blood samples were obtained over a 3-month period and the resulting radio- 
activity in the cireulating red blood cells was measured repeatedly until it reached or 
closely approached zero. The sources of red blood cells for labeling in this group were: 
subjeet’s blood obtained by venipuncture in one, subject’s erythrocytes obtained by aspira- 
tion from the peritoneal cavity following rupture of an ectopic pregnancy in 2, a donor 
with sickle cell anemia in one, and a donor with hemoglobin C disease in one. 

A hematocrit was determined on each specimen of blood; the radioctivity of whole 
blood and plasma was measured with a well-type scintillation counter, and from these 
measurements the activity in the erythrocyte fraction was calculated. Three to 7 days after 
the intraperitoneal instillation, the plasma volume was measured using Evans Blue dye; 
from the venous hematocrit and the plasma volume the approximate volume of circulating 
erythrocytes was caleulated. The total radioactivity in the circulating red cells was 
determined by multiplying the counts per minute per milliliter of erythrocytes, corrected 
for physical decay of the isotope, by the red cell volume. The apparent uptake of labeled 
erythrocytes from the peritoneal cavity was then expressed as the per cent of the total 
radioactivity placed in the peritoneal cavity. 


RESULTS 

In the 8 patients who received their own intact red blood cells labeled 
with radioactive chromium there was considerable transfer of radioactivity, 
most probably bound to erythrocytes, from the peritoneal cavity to the intra- 
vascular compartment. Radioactivity appeared within 24 hours after the 
introduetion of the labeled cells and inereased until maximum radioactivity 
was reached in 3 to 11 days. At its maximum the radioactivity in the red cell 
fraction of the blood ranged from 47 to 83 per cent, and averaged 65 per cent, 
of the radioactivity originally placed in the peritoneal cavity (Fig. 1). 


The apparent absorption of red blood cells from the peritoneal cavity was 
not related to the type of surgical procedure. Red blood cells obtained for 
labeling from the peritoneal cavity following rupture of an ectopic pregnancy 
Were apparently absorbed as readily as cells obtained by venipuncture. In the 
2 instances where blood obtained at laparotomy for a ruptured ectopic preg- 
haney was labeled and then replaced in the peritoneal cavity, the resulting 
radioactivity in the circulating erythrocytes accounted for 58 and 62 per cent 
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of that placed in the peritoneal cavity (Cases 5 and 6, Fig. 1). In the 4 studies 
where the blood was obtained from a peripheral vein, labeled, and then placed 
in the peritoneal cavity at the time of laparotomy, the maximum radioactivity 
in the cireulating erythrocytes ranged from 47 to 83 per cent and averaged 
61 per cent of that placed in the peritoneal cavity (Cases 1, 3, 4, and 7). In 
each of the 2 subjects in whom blood was obtained from a peripheral vein, 
labeled, and then injected into the peritoneal cavity through a needle, a max- 
imum of 79 per cent of the radioactivity of the injected cells was found in 
the cireulating red blood cells (Cases 2 and 3, Fig. 1). 
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Fig. 1.—Plotted are the percentages of instilled red blood cell radioactivity which ap- 
peared in the intravascular compartment following introduction into the peritoneal cavity 
of each subject’s own red cells labeled with radioactive sodium chromate (Cr*'). The heavy 
line indicates the average absorption in the 8 subjects studied. The number at the end of 
each curve corresponds to the subject’s number in the text. 


The time for radioactivity in the cireulating erythrocytes to reach or ap- 
proach a maximum varied considerably, ranging from 3 to 11 days with an 
average time of about one week. 


In the 2 patients who received their own labeled and then hemolyzed 
erythrocytes intraperitoneally the maximum radioactivity which appeared in 
their circulating erythrocytes was less than 2 per cent of the activity placed 
in the peritoneal cavity. The radioactivity in the circulating red blood cells of 
the patient who received labeled, intact, but grossly incompatible erythrocytes 
was less than one per cent of the radioactivity introduced intraperitoneally. 
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The introduction into the peritoneal cavity of acid-citrate-dextrose solu- 
tion containing a comparable amount of radioactive sodium chromate but no 
blood resulted in some labeling of the circulating erythrocytes. Maximum 
‘adioactivity in the circulating erythrocytes was reached within 48 hours and 
accounted for 3.0, 4.5, and 13 per cent of the radioactivity placed in the perito- 
neal cavity of the 3 subjects who received the cell-free solution. 

Of the 5 subjects in whom the resulting radioactivity in the circulating 
red blood cells was repeatedly measured until it reached or closely approached 
zero, detectable radioactivity was present for a minimum of 88 days in the 3 
who received their own presumably normal labeled red blood cells intraperito- 
neally (Fig. 2). However, in the subjects who received sickle cells or erythrocytes 
from a donor with hemoglobin C disease, radioactivity disappeared from the 
circulating erythrocytes within 50 days. 
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Fig. 2.—Shown are the rates of disappearance of circulating red blood cell radioactivity 
after the intraperitoneal instillation of the recipients’ own labeled erythrocytes obtained 
either by venipuncture (top curve) or by aspiration of blood from the peritoneal cavity fol- 
lowing rupture of an ectopic pregnancy. The percentages represent the fraction of the total 
radioactivity injected into the peritoneal cavity which subsequently was detected in the 
peripheral blood. 


DISCUSSION 


There are 2 possible explanations for the observation that in humans, after 
the intraperitoneal instillation of their own labeled red blood cells, a major 


portion of the radioactive chromium appears in the circulating erythrocytes. 
They are (1) that a considerable number of the labeled red blood cells are 
transferred intact from the peritoneal cavity into the intravascular compart- 
ment, or (2) that the radioactive chromium originally bound to the intra- 
peritoneal red blood cells is released and then is bound to cireulating red blood 
cells, The observations support the first interpretation, When the subject’s 
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own labeled red blood cells were introduced into the peritoneal cavity, the 
subsequent radioactivity in the circulating erythrocytes accounted for 47 to 
83 per cent of the radioactivity placed in the peritoneal cavity. However, 
when labeled and then hemolyzed erythrocytes or labeled, intact, but grossly 
incompatible red blood cells were introduced into the peritoneal cavity, the 
resulting radioactivity in the circulating red blood cells accounted for Jess 
than 2 per cent of the amount introduced. Furthermore, when a mixture of 
‘adioactive sodium chromate and acid-citrate-dextrose solution alone was 
placed in the peritoneal cavity, the subsequent radioactivity in the cireulat- 
ing erythrocytes accounted for only 3 to 13 per cent of the radioactivity in- 
troduced into the peritoneal cavity. Moreover, when the recipient’s labeled 
erythrocytes obtained either by venipuncture or from the peritoneal cavity 
following rupture of an ectopic pregnaney were placed in the peritoneal 
eavity, the labeled red blood cells which subsequently appeared in the periph- 
eral blood survived normally.’ By contrast, when labeled erythrocytes from 
donors with sickle cell anemia and with hemoglobin C€ disease were introduced 
intraperitoneally, the lifespan of the labeled circulating erythrocytes did not 
exceed 50 days. These observations are compatible with the concept that in- 
tact cells were absorbed from the peritoneal cavity and then were destroyed 
at the accelerated rate characteristic of the erythrocytes of sickle cell anemia 
and hemoglobin C disease. 

The per cent of labeled red blood cells transferred from the peritoneal 
cavity to the blood stream is almost identical in humans and rabbits. In 6 
rabbits, Hollingsworth found that from 56 to 91 per cent, and an average of 
67 per cent, of the radioactive chromium-labeled erythrocytes placed into the 
peritoneal cavity were transferred into the intravascular compartment.’ 
Hahn, Miller, Robscheit-Robbins, Bale, and Whipple,? using red blood cells 
labeled with radioactive iron, noted considerably greater variation in the num- 
ber of erythrocytes absorbed from the peritoneal cavity of dogs with the de- 
gree of absorption ranging from almost none to practically all of the erythro- 
cytes. 

The rate of absorption of red blood cells from the peritoneal eavity in 
humans is slower than in rabbits. Maximum absorption in rabbits was 
achieved in from one to 4 days, whereas in the present study in humans the 
time for maximal absorption ranged from 3 to at least 11 days and averaged 
about one week. This is almost identical with the average of 8 days in hu- 
mans previously noted by Hedenstedt when elliptocytes were used as identi- 
fiable cells. 

The present observations suggest that in eases of intraperitoneal hemor- 
rhage a considerable number of the red blood cells may be reabsorbed and 
then may survive normally. It should be noted, however, that in these studies 
the volume of blood introduced into the peritoneal cavity was relatively small 
and the blood had been rendered virtually inecoagulable during the process 
of labeling. 

This study provides support for Siperstein’s observation that hemoglobin 
levels in the peripheral blood can be elevated following the intraperitoneal 
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injection of blood. It is doubtful that this technique has a clinical applica- 
tion because of the relatively slow rate of reabsorption of erythrocytes; how- 
ever, in urgent situations when veins are inaccessible, recourse to intra- 
abdominal transfusion of blood might be attempted. 


CONCLUSIONS 


1. In humans, following the introduction of their own chromium-labeled 
red blood cells into the peritoneal cavity, an average of two-thirds of these 
cells appeared in the circulation within 3 to 11 days. 

2. The survival of the reabsorbed normal cells obtained by venipuncture 
or from the peritoneal cavity was normal, or nearly normal, in 3 subjects thus 
studied. 


3. Erythrocytes from donors with sickle cell anemia and hemoglobin C 
disease were absorbed from the peritoneal cavity, but all were eliminated from 
the normal recipients’ circulation within 50 days. 
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CHANGES IN THE ELECTROPHORETIC BEHAVIOR OF ARTHRITIC 
SYNOVIAL FLUID COMPONENTS FOLLOWING 
INTRA-ARTICULAR STEROID THERAPY 


Davin Piatt, M.S.,* Howarp L. HoutuEy, M.D., anp Warp PiamMan, Pu.)D. 
BIRMINGHAM, ALA. 


HE viscosity of the joint fluid has been shown to increase upon improye- 

ment of symptoms following the intra-articular injection of 11,17-oxygen- 
ated steroids in patients with rheumatoid arthritis.'* Sinee hyaluronie acid 
appears to be the material chiefly responsible for the high viscosity of synovial 
fluids,® it seemed of interest to study the electrophoretic behavior of the hy- 
aluronic acid component of synovial fluid before and after clinical improve- 
ment and also to study the other electrophoretically separable components in 
synovial fluid. 


Previous work in this laboratory has shown that in the highly viscous nor- 
mal and post-mortem human-synovial fluids, the relative mobilities of hyalu- 
ronie acid, as-globulin, and B-globulin differ significantly from that of the cor- 
responding components in arthritic and traumatie synovial fluid.6 It would, 
therefore, seem probable that as a result of clinical improvement, the electro- 
phoretic behavior of the synovial fluid components should approach that of the 
normal fluid. The extent to which this occurs has been studied in the present 


work. 
MATERIALS AND METHODS 


Synovial fluid was aspirated from the knee joint cavity of 10 individuals with active 
rheumatoid arthritis and again upon clinical improvement following intra-articular steroid 
therapy. Clinical improvement was assessed by a disappearance of pain, decrease in joint 
stiffness, and the decrease in the accumulation of fluid in the synovial space. After clot- 
ting, the fluids were centrifuged and the clear supernatant fluid was removed. Two milli- 
liters of the supernatant fluid was diluted with 2 volumes of buffer. This solution was 
placed in Visking cellulose casing and dialyzed for 48 to 72 hours at 4° C. against 500 mil. 
of the sodium diethylbarbiturate buffer (« = 0.1, pH 8.6). 

The electrophoretic analyses were carried out at 0.5° C. in the Perkin-Elmer Model 
38 Tiselius-type Electrophoresis Apparatus. The 2 ml. cell was used in all analyses. For 
most analyses, a constant current of 5.5 Ma. was used, but occasionally the constant current 
utilized was 6 Ma. 

The relative mobilities were calculated from the ascending patterns using the scan- 
ning procedure of Longsworth.? The relative mobilities were obtained by comparing the 
distances moved by the various components to that of albumin. 

Total and nondialyzable nitrogen were determined by the micro-Kjeldahl procedure, 
using a previously described technique.é 

From the Departments of Biochemistry and Medicine, University of Alabama Medical 
Center, Birmingham, Ala. 
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of the American Rheumatism Association at Bethesda, Md., November, 1954. An abstract 
appeared in Ann. Rheumat. Dis., 14: 93, 1955. 
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The Student ¢ test was applied to the individual differences of the values obtained 
for the active state and following clinical improvement.8 


RESULTS 

The results obtained are shown in Table I. Following therapy, the relative 
mobility of hyaluronic acid decreased, and the relative mobilities of the globu- 
lin components increased. For each constituent the changes in mobility were 
evaluated by the use of the Student ¢t test. For hyaluronic acid, a2-globulin, 
and B-globulin, the probability of the change in the average mobilities being 
due to chance was less than 0.1 per cent and for y-globulin was less than 0.5 per 
cent. No significance could be ascribed to the change in the mobility of the 
a,-globulin. 


TABLE I. RELATIVE ELECTROPHORETIC MOBILITIES* OF THE COMPONENTS OF RHEUMATOID 
SoONOVIAL FLUIDS IN THE ACUTE (A) STATE AND UPON IMPROVEMENT (1) OF SYMPTOMS 








| ALBUMIN | 
| eRe 5 Oe 
ACUTE | 

; TRONIC | GLOBULIN 
HYALURONK | ANDIM- | ; LOBUI 





B 
PATIENT | a me A T A I 
(1422 HCA 33 041. 1.00 — 089 0.70 0.76 0.53 0.60 0.19 0.25 
1516 HCA 39 «1. 1.00 0.87 0.90 0.71 0.75 0.54 0.60 0.14 0.18 
6465 HCA . .28 1.00 0.87 0.90 0.69 0.76 0.53 0.62 0.16 0.18 
1718 HCA . r 1.00 0.84 0.86 0.68 0.76 0.49 0.60 0.22 0.42 
2826 HCA . J 1.00 0.86 0.87 0.66 0.73 0.51 0.59 0.20 0.35 
610 FHC 39 1.2 1.00 0.87 0.88 0.73 0.77 0.55 0.65 0.14 0.37 
1117 MBHC 1. 35 1.00 0.86 0.87 0.72 0.78 0.54 0.63 0.21 0.23 
2743 HCA ; 37 1.00 0.89 0.87 0.71 0.75 0.52 0.56 0.20 0.22 
1820 HCA ; r 1.00 0.86 0.86 0.70 0.75 0.57 0.59 0.24 0.29 
6467 HCA . 28 1.00 0.86 0.87 0.73 0.75 0.59 0.62 0.18 0.23 
; ~ Average 1.36 1.32 0.86 0.88 0.70 0.76 0.54 0.61 0.19 0.27 
“S$. DD. 0.038 003 .  »#4O.01 0.01 0.02 0.01 0.03 0.02 0.03 0.08 
“Range 1.31- 1.27- — 0.84- 0.86- 0.66- 0.73- 0.49- 0.56- 0.14- 0.18- 
1.40 1.37 0.89 0.90 0.73 0.78 0.59 0.65 0.24 0.42 
Pc 0056 P> 40 P< 001 P< 001 P< .005 


TREAT- ACID | PROVE- — Sa 
MENTt | | MENT J , 4 I 
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*The analyses were carried out using a sodium diethylbarbiturate buffer, pH 8.6, 4=0.1. 
+Given intra-articularly. HCA, hydrocortisone acetate (25 mg.) ; FHC, 9-a-fluorohydro- 


cortisone acetate (5 mg.); MBHC, methyl-tert.-butyl-hydrocortisone acetate (25 mg.). 

The relative mobilities of hyaluronic acid decreased in 8 of the 10 patients, 
remained unchanged in one patient, and increased in one patient. The a- 
globulin fraction showed little change, but for the a.-, B-, and y-globulins the 
increase in the relative mobilities is both consistent and apparently significant. 

The absolute mobilities are shown in Table II. Hyaluronic acid does not 
show any significant change in mobility following therapy. At the 2.5 per cent 
level, the changes in the absolute mobility of albumin and of a,-globulin are 
significant. The difference in absolute mobility of the y-globulin is significant 
at | per cent, and the probability due to chance that both the a2- and B-globu- 
lin have inereased absolute mobilities is less than 0.1 per cent. 

Total nitrogen in the active state averaged 5.0 + 1.1 (S.D.) g per 100 ml. 
and nondialyzable nitrogen averaged 4.6 + 1.1 g per 100 ml. Upon improve- 
ment, the average total nitrogen was 4.9 + 1.6 g per 100 ml. and the average non- 
dialyzable nitrogen was 4.5 + 1.7 g per 100 ml. 
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TABLE II. ABSOLUTE MOBILITIES* OF THE COMPONENTS OF RHEUMATOID SYNOVIAL FLUID in 
THE ACUTE (A) STATE AND UPON IMPROVEMENT (1) OF SYMPTOMSt 








HYALURONIC GLOBULIN 
PA- TREAT- ACID ALBUMIN 2 B 
TIENT | MENTt{ A I A I 


1422 HCA -9.2 -9.4 -6.9 -7.1 
1516 HCA -8.6 -9.2 -6.2 -6.9 
6465 HCA -9.3 -9.0 -6.8 -7.0 
1718 HCA -9.0 -10.4 -6.6 -8.0 
2826 HCA -8.5 -8.6 -6.2 -6.5 
610 FHC -8.6 -8.5 -6.2 -6.7 
1117 MBHC -9.2 -8.8 -7.1 -6.7 
2743 HCA -9.4 -9.4 -6.7 -6.8 
1820 HCA -9.1 -9.3 -6.5 -6.8 
6467 HCA -9.0 -93 -6.9 -7.2 -5. 
Aver- -9.0 -92 -6.6 -7.0  -5. 
age ee thee, ects Paee 
8.D. 3 0.5 0.3 0.4 0.2 0.4 0.3 0.3 0.3 _ 0. ( 
Range O- 85- 6.2- 65- 5.3- 5.7- 4.5- 3.2- 3.8- 0.9- 1.2 
y 10.4 ee 8.0 6.1 6.9 5.1 6.1 4.1 4.5 16 3.4 
P>.10 P< 025 P< 002 P< 005 P< 001 P< Ol 
*cm?/volt/sec. x10-°. 
*The analyses were carried out using a sodium diethylbarbiturate buffer, pH 8.6, n—0.1 
tFor meaning of symbols, see Table I. 
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37 -43 
23 -41 
-3.6 -4.3 
-3.2 -4.8 
-~32 -38 
B44 ~hs 
-3.8 -4.2 
-3.5 -3.8 
-3.7 -4.0 
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DISCUSSION 


In rheumatoid arthritis, the permeability of the joint tissue is altered and 
the composition of the joint fluid may resemble that of blood serum.’ The pro- 
teins in arthritic synovial fluid have been shown to be similar to those in blood 
serum.’ The electrophoretic behavior of synovial fluid obtained during the 
active stage resembles that of blood serum as is shown in Table III. This phe- 
nomenon has been previously reported."! Following intra-articular steroid 


TABLE IIT. AVERAGE RELATIVE MOBILITIES OF THE COMPONENTS OF HUMAN 
SYNOVIAL FLUIDS AND BLOOD SERUM 








SYNOVIAL FLUID 
NORMAL | ARTHRITIC | ARTHRITIC | 
COMPONENT | SERUM ACUTE | IMPROVEMENT | NORMAT, 








Hyaluronic Acid — 1.37 1.32 20 
Albumin 1.00 1.00 1.00 1.00 
a,-globulin 0.86 0.86 0.88 0.88 
a,-globulin 0.68 0.70 0.76 0.80 
B-globulin 0.53 0.54 0.61 0.64 
y-globulin 0.21 0.19 0.27 0.32 








therapy with subsequent clinical improvement, the relative mobilities of the 
synovial fluid components tend to revert back toward those found for the nor- 
mal state. The significant changes appear to be in the hyaluronie acid, and the 
a2-, B-, and y-globulins. 

Although it has been demonstrated that the viscosity of the fluids gen- 
erally inereases after clinical improvement,’* this increase does not appear to 
be the basis of the change in the relative mobilities of the components. Thus, 
the absolute mobility of hyaluronic acid does not change significantly, in eon- 
trast to the absolute mobilities of the protein components. As an explanation 





Volume 19 SYNOVIAL FLUID ELECTROPHORETIC ACTION AFTER THERAPY = 765 
it might be postulated that the hyaluronic acid complexes in some manner with 
the proteins, resulting in the change in the mobilities. A hyaluronic acid-pro- 
tein complex has been isolated from ox-synovial fluid by the use of ultrafiltra- 
tion.** The protein content, with respect to amount and type, varied with the 
pH and the ionie strength at the time of ultrafiltration..* The general problem 
of the interaction of hyaluronie acid with the components of synovial fluids 
and of the effects of viscosity are under further investigation in this labora- 
tory. 

The result of the present work supports the previous data from this* and 
other laboratories,‘ 1* that the arthritic fluid resembles serum (or plasma) 
more than it does the normal fluid, probably as a result of increased permea- 
bility of the joint tissues. Even in a state of improvement as a result of intra- 
articular steroid therapy, and with a minimum of clinical joint manifestations, 
the fluid does not return fully to the normal composition. This lends credence 
to the concept that these drugs merely suppress the disease process with little 
or no curative effect. 

The virtual absence of change in the total and nondialyzable nitrogen 
upon treatment with 11,17-oxygenated steroids agrees with the results of 
previous work,* and also indicates that the fluid fails to return fully to the 
normal state. 

SUMMARY 


In agreement with earlier work, the relative electrophoretic mobilities 
of the proteins in synovial fluid aspirated from patients with active rheumatoid 
arthritis resembled that of blood serum. However, following clinical response 
as a result of intra-articular steroid therapy, the relative mobilities tended to 
approach those of normal synovial fluid but did not completely revert. The 
absolute mobility of hyaluronie acid usually did not change significantly upon 
clinical improvement, whereas the absolute mobility of some of the protein 
components did change. An interaction of hyaluronic acid with the protein 
components under the conditions of the electrophoretic analysis may be a fae- 
tor in these changes of mobility. 


We gratefully acknowledge the cooperation of Dr. K. Lemone Yielding in obtaining 
some of the synovial fluids, Mr. William L. Hawkins for the nitrogen analyses, and Mr. 
Francis M. Patton for some of the electrophoretic analyses. 


REFERENCES 


Jessar, R. A., Ganzell, Mary A., and Ragan, Charles: The Action of Hydrocortisone 
in Synovial Inflammation, J. Clin. Invest. 32: 480, 1953. 

Duff, I. F., Robinson, W. D., and Smith, Elizabeth M.: Evidence of Direct Action of 
Adrenocortical Steroids on Connective Tissue: The Effects of Systemic Adminis- 
tration of ACTH and Cortisone and of Intra-Articular Cortisone and Compound 
F on the Joint Fluid in Rheumatoid Arthritis (an abstract), J. Las. & Ciin. MEp. 
38: 805, 1951. 

Sundblad, L., Egelius, N., and Jorsson, E.: Action of Hydrocortisone on the Hyaluronic 
Acid of Joint Fluids in Rheumatoid Arthritis, Seandinav. J. Clin. & Lab. Invest. 
6: 295, 1954. 

Yielding, K. L., Platt, D., and Holley, H. L.: Some Effects of Intra-Articular Injection 
of Hydrocortisone Acetate on Synovial Fluid in Rheumatoid Arthritis, J. Las. & 
CLIN. MED. 48: 201, 1956. 





PLATT, HOLLEY, AND PIGMAN j. weed 4 
May, 1957 


. Meyer, K.: The Biological Significance of Hyaluronic Acid and Hyaluronidase, Physiol. 
Rev. 27: 335, 1947. 

. Platt, D., Pigman, W., Holley, H. L., and Patton, F. M.: An Electrophoretic Study of 
Normal and Post-Mortem Human and Bovine Synovial Fluids, Arch. Biochem. 
& Biophys. 64: 152, 1956. 

- Longsworth, L. G.: A Modification of the “Schlieren” Method for Use in Electrophore- 
tic Analysis, J. Am. Chem. Soc. 61: 529, 1939. 

. Croxton, F. E.: Elementary Statistics with Applications in Medicine, New York, 1953, 
Prentice-Hall, Ine. 


9. Ropes, M. W., and Bauer, W.: Synovial Fluid Changes in Joint Disease, Cambridge, 


1953, Harvard University Press. 

. Schmid, K., and MacNair, M. B.: Characterization of the Proteins of Human Synovial 
Fluid in Certain Disease States, J. Clin. Invest. 35: 814, 1956. 

. Perlmann, G. E., Ropes, M. W., Kaufman, D., and Bauer, W.: The Electrophoretic 
-atterns of Proteins in Synovial Fluid and Serum in Rheumatoid Arthritis, J. 
Clin. Invest. 33: 319, 1954. 


2. Ogston, A. G., and Stanier, J. E.: On the State of Hyaluronic Acid in Synovial Fluid, 


Biochem. J. 46: 364, 1950. 

. Curtain, C. C.: The Nature of the Protein in the Hyaluronic Complex of Bovine Syn 
ovial Fluid, Biochem, J. 61: 688, 1955. 

. Olhagen, B.: The Protein Pattern of Joint Exudates, Acta orthop. scandinayv. 21: 114, 
1950. 





EFFECT OF CHLORPROMAZINE UPON EXPERIMENTAL HEPATIC 
INJURY 


Hans Popper, M.D., ALvIN Dusty, M.S., CLARA Bruce, B.S., 
GEOFFREY KEN’, M.D., AND DANIEL KusHNER, M.D. 
CuicaGo, ILL, 


HE significant incidence of jaundice following therapeutic administration 

of chlorpromazine (Thorazine’*) suggests a causal relationship. The 
pathogenesis of chlorpromazine-induced jaundice has been under intensive 
investigation and a hypersensitivity reaction has been assumed.? In some in- 
stanees, liver cell injury has been demonstrated; however, clinical, biochem- 
ical, and histologic observations implicate cholestasis. Although in the dog, 
chlorpromazine increases the resistance of the choledochoduodenal sphincter,’ 
in the human, an intrahepatie site of the cholestasis is indicated.*° 

Since it has been suggested, but not proved, that pre-existing liver damage 
predisposes to the jaundice, it appeared worth while to examine the effect of 
chlorpromazine on hepatic structure and function of experimental animals 
both with and without pre-existing hepatic damage. 


MATERIAL AND METHODS 


Female Sprague-Dawley rats kept on a checker diet were divided into several groups. 
Group A (48 rats) received powdered checkers containing 200 mg. of chlorpromazine (CP) 
per kilogram (providing 2 to 4 mg. per rat per day). One rat died spontaneously after 8 
days, 3 after 13 days. Of those remaining, 9 were sacrificed 33 days after the start of the 
diet, 8 after 64 days, 9 after 98 days, and 8 after 187 days, each time with 3 control rats 
(fed powdered checkers without CP). 

Group B (12 rats fed checkers) received carbon tetrachloride (CCl,) (0.033 ml, in 
mineral oil per 100 grams body weight) given in 12 intraperitoneal injections over an 
8-week period. In addition, during the last 3 weeks, 9 rats were given CP (1 mg. CP per 
100 grams body weight) 5 times weekly, totaling 15 injections. One rat died spontaneously 
after 4 CP and 8 CCl, injections. The remainder of the rats of this group were sacrificed 
21 days after the start of the CP injections. 

Group C (17 rats) was placed on a low-protein, high-fat diet (composed of vitamin-free 
casein, 60 Gm.; hydrogenated cotton seed oil, 380 Gm.; salt mixture U.S.P. No. 2, 40 Gm.; 
sucrose, 490 Gm.; cod liver oil, 50 Gm.; vitamin supplements; and 12 Gm. choline chloride). 
After 5 weeks, 12 rats received CP (1 mg. CP per 100 grams body weight) intraperitoneally 
5 times a week. One rat died after 6 injections whereas the remainder, including the non- 
injected rats, were sacrificed after 11 injections. 

Group D (28 rats) was put on an ethionine diet (vitamin-free casein, 160 Gm.; corn 
oil, 50 Gm.; sucrose, 750 Gm.; salt mixture U.S.P. No. 2, 40 Gm.; ethionine, 5 Gm.; adequate 
Vitamin supplements except for riboflavin being 4 mg.; and choline chloride, 30 mg. per 
kilogram). After 35 days 19 rats received CP (1 mg. CP per 100 grains body weight, 
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intraperitoneally 5 times weekly). Of these, 3 died spontaneously, and 2 were sacrificed 
because they appeared agonal after 3 injections. One died after 9 injections and one 
after 10 injections, whereas the remainder, including the ethionine-fed controls, were 
sacrificed after 12 injections. As additional controls, 8 rats on checker diet received 12 
CP injections. 

Group E (18 rats) was subjected to bile duct ligation. After one week, 14 received 
CP (1 mg. CP per 100 grams body weight, intraperitoneally 5 times weekly). Nine of 
the CP animals died spontaneously after 5 injections or fewer, and 2 controls died in the 
same period, whereas, 5 rats were sacrificed after 10 injections simultaneously with 2 con- 
trols with bile duct ligation. 

In all animals, the urine was checked before sacrificing for bilirubin by a modified 
Franklin’! test. In the serum of all animals with the exception of the bile duct ligation 
group, bilirubin was determined by a modified method of Rappaport,12 gamma globulin 
turbidity according to Huerga and Popper,13 and the proteins were separated by zone 
electrophoresis.14 In the homogenate of the hepatic tissue, the activity of alkaline phos 
phatase and of esterase was determined by the method of Bodansky,!5 and Gomori,16 respec 
tively. In some ethionine-treated rats, the serum activity of alkaline phosphatase was de- 
termined by the method of Bodansky.15 


RESULTS 

Weight Response-—The feeding of CP for prolonged periods of time to 
growing rats (Table I) did not significantly influence their weight gain, with 
the possible exception of those getting the medication for 187 days. Injee- 


tions of CP depressed weight gain in animals both with damaged liver and 
with normal liver. 


TABLE I. AVERAGE WEIGHT RESPONSE OF RATS ON CHLORPROMAZINE (CP) WITH oR WITHOUT 
TABLE I. AVE W R R ( A CP) W W { 


LIVER DAMAGE AS COMPARED TO CONTROLS 





WEIGHT AT START WEIGHT AT END OF EXPERIMENT 
OF EXPERIMENT (GM. ) 
(GM. ) EXPERIMENTAL | CONTROLS 
CP-fed 33 days 135 194 176 
CP-fed 62 days 135 210 214 
CP-fed 98 days 135 260 235 
CP-fed 187 days 135 236 295 
CCl, and CP intraperitoneally 135 215 233* 
High-fat, low-protein diet and CP 135 187 201* 
intraperitoneally 

Ethionine and CP intraperitoneally 240 160 200* 
CP intraperitoneally 240 240 














*Controls exposed to similar procedure except for CP. 


Histologic Examinations.—The liver of the rats receiving CP either in the 
diet, up to 6 months (Group A), or by injection (Group D) failed to reveal 
any signicant abnormalities. Sparse and small accumulations of seavenger cells 
were noted in a few livers, however, not more frequently than in the control 
rats (Fig. 1, A and B). 

The liver of the rats treated with carbon tetrachloride (Group B) exhibited 
centrolobular necrosis with hydropie swelling of liver cells, accumulation of 
scavenger cells, as well as fatty metamorphosis extending also into the inter- 
mediate zone. In addition, collagenous septa connected some central and 
portal zones. In the majority of the rats treated with both earbon tetrachlo- 
vide and CP, the same changes were found, while in 2 of such animals, the 
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Fig. 1—A, Liver of rat on checker diet. B, Liver of rat which has been for 187 days 
on powdered checkers, containing 200 mg. chlorpromazine per kilogram. Note lack of anatomic 
alterations. (Hematoxylin. and eosin; X150; reduced %.) 


Fig. 2.—A, 


: Liver of rat which had been on synthetic diet, containing 0.5 per cent 
ethionine for 52 days. Note hepatocellular degeneration and regeneration, necrosis of single 
cells and interstitial proliferation of ductular cells, and infiltration by inflammatory cells. 
B, Liver of rats on the same diet for the same périod receiving in addition 12 intraperitoneal 


injections of 1 mg. chlorpromazine per 100 grams body weight. The histologic alterations 


including liver cell injury and interstitial infiltration are exaggerated. (Hematoxylin and 
eosin; &150, reduced %.) 
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fatty metamorphosis was diffuse and extended throughout the entire lobule. 
In one of these animals, bilirubinuria, hyperbilirubinemia, and elevated ac- 
tivity of hepatie alkaline phosphatase were found. 

In the animals on the high-fat, low-protein diet (Group C) with or with- 
out CP injection, diffuse fatty metamorphosis of moderate degree as well as 
mild hydropie swelling of the nonfatty cells were noted throughout the lobule, 
as well as small focal necrosis. 

In the rats on the ethionine diet (Group D), diffuse hepatocellular degen- 
eration with single cell necrosis and spotty regeneration was associated with 
a diffuse increase of reticulum fibers and interstitial proliferation of bile 
duectules and ductular cells in clusters, as well as accumulation of reticulum 
cells and segmented leukocytes (Fig. 2, 4). These changes were markedly ae- 
centuated with CP treatment but not qualitatively altered (Fig. 2, B). The de- 
gree of hepatocellular damage roughly paralleled the degree of hyperbilirubin- 
emia and of hepatic enzymatic changes. The interstitial proliferation of 
ductular cells appeared not related to the biochemical alterations. 

In the rats with bile duct ligation (Group E) with and without CP 
administration, the marked inerease of small bile duets and _ perilobular 
duectules was associated with increased connective tissue mainly in the form 
of collagenous basement membranes. 

Biochemical Studies.—Bilirubinuria was not demonstrated in the control 
rats, the rats receiving carbon tetrachloride alone, nor those treated orally 
or parenterally with CP, nor in the rats on high-fat, low-protein with or with- 
out CP. The urine of one of seven rats receiving earbon tetrachloride and 
CP gave a 3+ bilirubin reaction, and the urine of one out of 9 rats on ethionine 
diet alone gave a 1+ reaction, while in the other animals of both groups no 
bilirubinuria was found. In all 14 rats receiving ethionine and CP, bili- 
rubin was found in the urine; in one rat, traces; in 2 rats, 1+; in 6 rats, 2+; and 
in 5 rats, 3+. 

The chemical examination carried out on the serum and the liver revealed 
no significant abnormalities in the animals receiving chlorpromazine orally or 
parenterally even for as long as 6 months (Table II). The rats on low-protein, 
high-fat diet with and without CP exhibited a slight inerease of hepatie 
alkaline phosphatase activity. With CP administration, the serum bilirubin 
was on the average slightly higher than without. The rats which had received 
‘arbon tetrachloride exhibited no significant biochemical alterations except 
for slight hyperbilirubinemia. This was, in general, not altered by admin- 
istration of CP except for one rat with severe histologic changes, as well as 
marked bilirubinuria, significant rise in serum bilirubin and hepatie alkaline 
phosphatase, and fall in hepatie esterase. 


In the animals receiving ethionine alone, the average serum bilirubin 
was slightly elevated while in 2 animals, one of which had bilirubinuria, serum 
bilirubin was above 1 mg. per 100 ml. These 2 rats exhibited a significant 
rise of hepatie alkaline phosphatase and fall of esterase. In contrast, the 
animals receiving ethionine and CP exhibited a consistent and marked eleva- 
tion of serum bilirubin, a marked rise of hepatic alkaline phosphatase, and a 
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TABLE II, BIOCHEMICAL ALTERATIONS IN RATS WITH OR WitTHOUT HEPATIC INJURY RECEIVING 
CHLORPROMAZINE (CP) 


| | | ALKALINE PHOS- 
SERUM BILIRUBIN | ALKALINE PHOS- | PHATASE 
MILLIGRAMS PER | PHATASE ESTERASE | MICROMOLES 
100 ML, MICROMOLES PER | MILLIMOLES PER | PER 100 ML. 
NO. OF SERUM | GRAM OF LIVER | GRAM OF LIVER | SERUM 
TREATMENT RATS “RANGE | M 
Controls 14 








MEAN | RANGE | MEAN | RANGE | MEAN | RANGE | MEAN | RANGE 
0.23 -0.10-0.50 18.3 15.5- 80 

CP-fed 33 days 9 0.29 0.10-0.40 21.7 ] 
CP-fed 62 days 8 0.21 0.10-0.40 206 1 
l 

l 


5.5-21.5 2.80 2.16-3.40 336 321-357 
8.0-24.0 3.00 2.22-4.16 

7.0-23.0 3.02 1.90-4.00 
CP-fed 98 days 9 0.20 0.10-0.35 19.4 7 
”. 


; .0-23.0 2.34 2.16 
CP-fed 187 days 8 0.26 0.20-0.30 


0-20.0 2.54 


Low-protein, 
high-fat diet Be 0.20-0.35 24.5 22.5-26.0 2.37 
Same and CP in- 
traperitoneally j 46 = ©60.20-0.70 = 23. 21.5-25.¢ 2.40 1.90-2.74 
CCl, : 53 0.40-0.60 17.7 17.0-18.0 } 
CCl, and CP in- 
traperitoneally 0) ~§©0.30-1.66 


2.36 2.16-2.46 


230 0.36-2.82 
Ethionine ( 71 6.30-1.39 26.6 21.0-34.0 241 0.60-4.62 724 590-888 
Ethionine and 
CP intraperito- 
neally 9. 1.00-6.60 : 28.5- 0.76 0.40-1.30 472 337-680 
CP intra- 
peritoneally 22 0.10-0.40 21. 16.0-23.5 2.48  1.30-3.40 316 308-320 


marked fall in hepatie esterase. The serum activity of the alkaline phos- 
phatase was not altered by CP administration alone. It was significantly 
raised by ethionine treatment, while in the rats receiving both ethionine and 
CP the rise was less marked. The total serum protein and the serum protein 
fractions (including gamma globulin) were not signifieantly altered by the 
procedures applied. 

DISCUSSION 


The faet that oral as well as parenteral administration of chlorpromazine 
to rats failed to produce significant histologie or chemical changes, even if the 
feeding was extended for as long as 6 months, indieates its relative harmless- 
ness in the normal animal. No rise in the activity of hepatic alkaline phos- 
phatase nor fall in esterase was found, both of which were previously recog- 
nized as a biochemieal indication of hepatic damage.’” 1% This was also sup- 
ported by the observation that the feeding of large doses of CP to normal grow- 
ing rats failed to inhibit weight gain, though injection of CP to normal rats 
and to rats with preceding hepatic injury produced some growth inhibition. 
Similarly, no evidenee was obtained that CP administration aggravated in 
significant incidence the histologic or functional changes in several types of 
experimental hepatic injury; namely, those produced by carbon tetrachlo- 
ride'® 18 or high-fat, low-protein diet,!® or bile duct ligation.*° 

In contrast the hepatic injury produced by the feeding of ethionine, an 
analogue and biologie antagonist to methionine, is markedly aggravated by 
administration of CP. Ethionine induces single cell hepatie neerosis which re- 
seinbles human hepatitis.’ 2": 22. While oceasionally bilirubinuria and hyperbili- 
rubinemia may appear on ethionine administration alone, this was regularly 
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the ease after combined administration of ethionine and CP. Moreover, other 
biochemical indications of hepatic injury were accentuated and histologically 
the ethionine lesion was regularly and severely aggravated. That the signifi- 
cant elevation of serum alkaline phosphatase after ethionine administration 
was less marked after the combined administration is probably a reflection 
of the added hepatocellular injury. It thus appears that the type of experi- 
mental hepatic injury produced by ethionine is markedly aggravated by CP 
administration. The mechanism by which CP aggravates the ethionine dam- 
age is not known. The reported observations should also be helpful in the 
screening of hepatotoxic effects of substances with the pharmacologic ae- 
tivities of CP. Moreover, since the hepatic injury produced by carbon tetra- 
chloride and high fat-low protein diet is not aggravated by CP administra- 
tion, the question of whether this drug may aggravate human hepatie injury 
remains open. 

SUMMARY 


The feeding of chlorpromazine to rats did not retard their growth, nor did 
it produce significant histologic or biochemical alterations. Administration of 
chlorpromazine to rats with hepatic injury produced by bile duct ligation, by 
high-fat, low-protein diet, or by carbon tetrachloride slightly depressed 
growth, but did not lead to significant enhancement of the hepatic, histologic, 
or biochemical changes. In contrast, its administration to rats with single cell 
hepatic necrosis from ethionine aggravated the histologic changes and also 
the drop of hepatie esterase and increase of hepatic alkaline phosphatase, as 
well as induced hyperbilirubinemia and bilirubinuria. The aggravation of the 
morphologie and funetional manifestations of the ethionine-induced hepatic 
injury by chlorpromazine might serve to test the hepatotoxic activity of sub- 
stances with pharmacologic action similar to chlorpromazine. 
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HEMAGGLUTINATION REACTIONS NOTED IN VIRAL HEPATITIS 


Lester M. Morrison, M.D., aNp Ropert E. Hoyt, Px.D. 
Los ANGELES, CALIF. 


A’ PRESENT no specific method of diagnosis or for screening for virus 
hepatitis is available! The various liver function tests utilized to date 
for this purpose have repeatedly proved to be incapable of detecting carriers 
with certainty.2. They have been unable to pronounce a prospective blood 
donor safe, to detect the presence of virus hepatitis, or differentially diagnose 
the disease with any assurance.* 

The hemagglutination technique has been found to be helpful in the study 
of a number of infectious diseases. The discovery that the influenza virus 
has the ability to agglutinate fowl erythrocytes* led to the finding that cer- 
tain other viruses have similar hemagglutinating properties.° The ability of 
blood from infectious mononucleosis patients to agglutinate sheep red corpus- 
cles was originally described by Paul and Bunnell,’ and‘their observation has 
been made the basis of a very useful diagnostic test. The authors applied the 
hemagglutination principle to virus hepatitis by testing the reaction of red 
blood cells against human virus hepatitis serum.’ Erythrocytes of the mouse, 
sheep, dog, chicken, steer, rabbit, guinea pig, horse, and different strains of 
monkeys were tested. Of these, the red blood cells of the Macacus rhesus mon- 
key were found promising. This report describes additional results obtained 


by the use of a serologic hemagglutination test for the diagnosis of active virus 
hepatitis in the human subject. 


METHOD 


Twofold serial dilutions of the patient’s serum are made to which are added equal 
volumes of a 2 per cent suspension of red blood cells obtained from a Macacus (M. rhesus 
monkey. The red blood cells are stored in A.C.D. solution and should not be kept longer 
than 10 days. The mixture of cells and serum dilution is incubated for one hour in a 37° 
C. water bath. At the end of this period the tubes are placed in a centrifuge and spun at 
about 500 r.p.m. for 2 minutes. The tubes are shaken gently to dislodge the button of 
sedimented erythrocytes and the cells are examined by transmitted light for the presence 
of clumping. 

In a negative test the cells can be resuspended by gentle agitation into a smooth 
homogeneous suspension. A positive reaction is indicated by the presence of small to 
large clumps of cells in the fluid medium. The conventional scoring is used in the readings 
and is described below. 


4+—The cells are welded into one or 2 solid masses. 

3+—Several large, irregular clumps with numerous smaller aggregates. 

2+—Moderately large clumps, uniform in size and distribution. 

1+—A granular appearance due to the presence of small clumps of cells. 

+—Very finely granular appearance due to the presence of minute clumps of cells. 
This tube is read in comparison with the cell control and may be confirmed by mi 
croscopic examination when necessary. 

From the Crenshaw Hospital and the Department of Bacteriology, Division of 

tories of Cedars of Lebanon Hospital, Los Angeles, Calif. 
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In testing a series of 125 healthy blood donors, it was found that 110 had titers of less than 
1:8, while 13 of 18 individuals diagnosed as having viral hepatitis (IH or SH varieties) 
had titers of 1:8 or greater. These observations have led us to fix, tentatively, the value 
of 1:8 as the titer which separates normal from elevated readings. The findings reported 
below support this concept. 


CLINICAL MATERIAL 

A series of 488 patients was studied and divided into 4 main groups as 
follows, 

Group A.—This group was composed of 431 medical and surgical cases 
without demonstrable liver disease, who had various symptoms and abnormal 


physieal findings characteristic of such diseases as coronary occlusion, peptic 


ulcer, ulcerative colitis, and fractures. This group served as a type of ‘‘eon- 
trol.’’ There were no jaundiced patients and no eases of viral hepatitis in this 
group. In addition to these 431 cases, 9 active cases of poliomyelitis and 5 
cases of acute influenza were tested. 

Groups B and C.—Thirty-six viral hepatitis patients were studied of whom 
22 were acute (Group B) and 14 were chronie (Group C). These consisted of 
both infectious (1H) and homologous serum (SH) varieties. The 36 cases of 
both types of virus hepatitis were diagnosed by combinations of 2 or more of 
the following: autopsy, liver punch biopsy, abdominal laparotomy, the elini- 
cal findings of virus hepatitis as evidenced by jaundice, hepatomegaly and 
characteristic “‘profile’’ of the battery of liver function tests. Numerous 
cases of viral hepatitis and other blood sera were supplied through the courtesy 
and cooperation of various colleagues in hospitals of Los Angeles and other 
cities. The sera were kept in the frozen state until ready for testing. 

Group D.—Tests were done on 21 patients with jaundice. They were 
proved by autopsy, laparotomy, or liver punch biopsy to have either metastatic 
carcinoma of the liver, choledocholithiasis, cholelithiasis with cholecystitis, 
Laennee’s or biliary cirrhosis of the liver, carcinoma of the pancreas, or ob- 
structive hyperplasia of the sphineter of Oddi. 

RESULTS 

In Group A, of 431 miscellaneous disease controls, 56 cases were found 
who gave positive tests in titers of from 1:8 to 1:32. Nine eases of acute or 
chronie nonspecific ulcerative colitis were included in the 56 abnormal case 
results. The patients with infectious mononucleosis were excluded from the 
veneral class of miscellaneous diseases since it is well known that hepatitis may 
oceur as a complication in this virus disease, thus raising the question of a type 
of ‘‘viral hepatitis.’’ 

In Group B, 22 patients with acute viral hepatitis of infectious hepatitis 

|H) strain or homologous serum hepatitis (SH) strain are presented (inelud- 
ing hepatitis cases previously deseribed).’ These patients were jaundiced and 
scutely ill. In addition to the presence of jaundice and/or hepatomegaly, a 
itinimum liver funetion test requirement in each case was the presence of 
strongly positive thymol turbidity and cephalin cholesterol flocculation tests. 
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TABLE I, SERUM DILUTIONS GIVING A POSITIVE TEST 


DIAGNOSIS 33 : | 1:4 | 1:8 | 1:16 | 1:32 | 1:64 | TOTAI 
Medical and Surgical 
Illnesses 21% 5 93 39 
Acute Viral Hepatitis 
IH 1 
SH 











Chronic Viral Hepatitis 
1H 
SH 

Jaundiced Nonviral- 
Hepatitis Diseases 

Poliomyelitis 

Influenza 

Infectious Mononucleosis 

Uleerative Colitis 





It is noted in this series of 22 acute viral hepatitis cases that 19 patients demon- 
strated agglutinating titers in the significant area, while 3 patients showed 
titers less than 1:8. This would place the positive percentage at 86 per cent. 

In Group C, of 14 patients with ‘‘chroniec’’ viral hepatitis, including both 
[IH and SH strains, 10 cases gave positive results in titers of 1:8 or more, while 
4 had titers of less than 1:8. These figures would place positive percentages in 
this group at 71 per cent. The duration of illness in these latter patients 
ranged from 4 months after the onset of the acute illness to 214 years after 
recovery from the acute phase of the illness. In this group of patients who 
were still suffering from postinfectious hepatitis sequelae there was ineluded 
a majority of patients with either residual hepatomegaly, gastrointestinal 
symptoms, or jaundice. Liver function tests compatible with a diagnosis of 
viral hepatitis in these ‘‘chronic’’ eases were as often positive-as not. 

Of the 9 patients with acute poliomyelitis, one case gave a positive test 
in 1:8 titer. Five patients with influenza were tested and 2 were found to be 
positive in titers of 1:8. Of 21 patients with infectious mononucleosis, 10 gave 
positive tests. Of the 9 cases of active nonspecific ulcerative colitis, 5 gave 
definite positive tests and 4 showed negative results. 

It is of particular interest to note that in Group D composed of 21 jaun- 
diced patients not of viral hepatitis origin, none was found in whom titers of 
1:8 or more occurred. 

DISCUSSION 


These observations extend our previous finding of a hemagglutination 
reaction for the Macacus rhesus red blood cell associated with virus hepatitis. 
The mechanism of hemagglutination has not been determined but may be one 
of 3. Agglutination may result from the direct action of the virus upon the 
red cells, from the action of antibodies formed against the virus which shares 
immunologic characteristics with the rhesus cells, or from the presence of some 
abnormal constituent formed in the course of the disease and which has the 
fortuitous ability to agglutinate the test cells. 
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Our findings also suggest that in some patients agglutinating phenomenon 
may be short-lived, whereas, in others, activity may be demonstrable as long 
as 3 years following the initial infection. Of particular interest were the au- 
thors’ findings that in 125 apparently normal blood donors, 15 gave a positive 
test; these positive cases may be asymptomatic carriers of the disease although 
this point has not as yet been established. It is also notable that approxi- 
mately the same incidence of positive test reactions, viz., 1 in 8, occurred in our 
series of 431 ‘‘miscellaneous’’ (nonviral hepatitis) diseases. These findings are 
in harmony with those recently reported by Stokes,’ Neefe,? Norris,* and others 
on the frequency of asymptomatic proved viral hepatitis carriers among blood 
donors. 

Our positive findings in some eases of infectious mononucleosis, nonspecific 
uleerative colitis, and influenza raise interesting considerations to be explored 
further. 

Of practical value was the consistent finding of negative tests (hepatitis 
agglutination test [HAT]) in nonviral types of jaundice. In 21 eases of 
jaundice due to such diseases as metastatic carcinoma of the liver, common 
bile duet stone obstruction, cholelithiasis with cholecystitis, and Laennec’s 
cirrhosis of the liver, the HAT gave negative results in a clear-cut manner in 
each ease. 


SUMMARY AND CONCLUSIONS 


1. Results are reported on a hemagglutination reaction obtained when the 


blood serum of patients with viral hepatitis of both infectious hepatitis (TH) 
and homologous serum hepatitis (SH) strains acts against Macacus rhesus 
erythrocytes. 


2. The agglutination titer (HAT) was found to be under 1:8 in 375 out 
of 431 patients with various medical and surgical illnesses, exclusive of jaun- 
dice or viral hepatitis. It was thus negative in 86 per cent of ‘‘controls.’’ The 
HAT was positive in 56 cases or 14 per cent. 

3. The HAT was found to be positive (1:8 or higher) in 19 or 86 per cent 
of 22 aeutely ill patients suffering from acute virus hepatitis. Three of these 
patients (14 per cent) gave negative results. 

4. The test was found to give positive results in 10 of 14 patients with 
the chronie form of virus hepatitis who had signs or symptoms of the disease 
up to 214 years after its acute onset. Ten of these (71 per cent) gave a posi- 
tive test, whereas 4 (29 per cent) gave negative results. 

5. The HAT was consistently valuable in giving clear-cut negative results 
in nonviral hepatitis jaundiced patients. Of 21 patients, all gave negative 
reactions. 

6. These results suggest further studies to determine the practical possi- 
hilities of this test in clinical practice, and as a possible screening procedure for 
lood transfusion donors, 
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LABORATORY METHODS 


A COLORIMETRIC PROCEDURE FOR THE DETERMINATION 
OF BLOOD AMMONIA 


Davin G. NatHan, M.D.,* ANp F. Lee Ropkey, Px.D. 
Boston, Mass. 


INTRODUCTION 


ECENT developments in the field of ammonia metabolism and liver dis- 
R ease'® have indicated the need for a convenient and reproducible method 
for analysis of blood ammonia. The purpose of this paper is to report a micro- 
diffusion technique for the measurement of blood ammoniat from a protein- 
free preparation of whole blood. 

Protein is removed from blood with trichloroacetic acid. An aliquot of 
the deproteinized blood (hereafter referred to as the filtrate) is treated with 
saturated potassium carbonate and the volatile ammonia is transferred by 
diffusion to a rod moistened with acid. The ammonia is finally quantified by 
reaction with ninhydrin and photometric measurement of the intensity of the 


blue color. Details of the microdiffusion of ammonia have been examined by 
Conway. A convenient microdiffusion unit has been deseribed by Seligson 
and Seligson.° Moore and Stein® have explored the use of the photometric 
ninhydrin method. 


MATERIALS AND METHODS 


Reagents.—1. Ammonia-free water prepared (a) by treating distilled water with Per- 
mutit, (b) by passing distilled water through a column of mixed bed ion exchange resin 
such as amberlite MB-3, or (c) by redistillation of distilled water acidified with sulfuric 
acid. This water should be used in the preparation of all reagents. 

2. Standard ammonium sulfate solution containing 0.472 Gm. ammonium sulfate 
per liter (100 ng NH,-N per milliliter). This solution is diluted daily to obtain a standard 
solution containing 1 wg of NH,-N per milliliter. 

3. 1M eitrie acid contained in a dropping bottle. 

+. Saturated potassium carbonate aerated to remove ammonia. 

5. Ninhydrin solution prepared according to the directions of Moore and Stein.é 

6. 0.2 M eitrate buffer (pH = 5.0) prepared according to the directions of Moore 
and Stein.6 

7. Twenty per cent trichloroacetic acid prepared by dissolving the reagent grade acid 
in ammonia-free water. 

8. Fifty per cent ethanol. 

From the Department of Biological Chemistry, Harvard Medical School, Boston, Mass. 
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Equipment.—1. The diffusion cells are 25 ml. penicillin bottles approximately 3 em. 
in diameter and 6 em. high with an opening 12 mm. in diameter. Each bottle is fitted with 
a one hole 00 rubber stopper bearing a glass rod with a rounded end. The rod should 
extend to about 15 mm. from the bottom of the bottle. Approximately 10 mm. of rubber 
should be cut from the narrow end of the stopper for simpler manipulation. 

2. A 10 to 12 r.p.m. electric rotor carrying a plywood circular board as deseribed by 
Seligson.5 

3. Matched Pyrex test tubes calibrated at 5 and 10 ml. for use in the Klett colorim- 
eter. 

4. Graduated 12 ml. centrifuge tubes. 

5. A boiling water bath. 


Analytical Procedure.—Pipette 3 ml. of 20 per cent trichloroacetic acid into a 12 ml. 
centrifuge tube. Close the tube with a clean rubber stopper and chill in an ice bath. 
Draw approximately 3* ml. of blood without stasis into a dry syringe. Eject the blood 
immediately into the centrifuge tube containing the cold trichloroacetic acid. Shake the 
mixture vigorously for about 30 seconds and reimmerse in the ice bath for transport to the 


laboratory. Shake each tube thoroughly again and immediately centrifuge for 10 minutes 


at about 1,000 x gravity (2,500 r.p.m. in an International No. 2 centrifuge). Immediately 
after centrifugation, record the total volume in the tube and the volume of precipitate. 
Decant the clear supernatant fluid into a clean test tube. Duplicate or triplicate analyses 
of the supernatant fluid should be performed. 

Transfer 1.0 ml. aliquots of the filtrate to separate penicillin bottles. Moisten a 
glass rod, previously placed in the rubber stopper, with one drop of 1 M eitrie acid. Dis- 
tribute the acid in a thin film covering the rod to within 5 mm. of the stopper. Carefully 
shake the rod to remove excess acid. A rod coated with citric acid as described will be 
referred to as an “acidified rod.” Add 1 ml. of saturated potassium carbonate from a 
burette to the penicillin bottle containing the sample. Avoid mixing the two solutions. Im- 
mediately insert the acidified rod and stopper the bottle tightly. Care must be taken to 
avoid any contact of the acidified rod with either the bottle or its contents. Place the 
stoppered bottle with the acidified rod on the rotor. Preparation of the acidified rod, 
addition of potassium carbonate, and closure of the bottle with the stopper and rod must 
be performed in rapid sequence for each bottle. Prepare blank and standard samples with 
1 ml. of ammonia-free water or 1 ml. of an ammonium sulfate solution containing 1 pg 
of NH,-N, in place of the filtrate. Rotate all samples for 30 minutes. At the end of 
the rotation period, remove the stoppers and acidified rods from the bottles and place them 
in Pyrex Klett tubes. Wash each rod with 2 ml. of a mixture of equal parts ninhydrin 
solution and pH 5.0 citrate buffer. A rod is best washed by holding the stopper in one 
hand while allowing the fluid to flow from a 2 ml. transfer pipette over the rod and into 
the Klett tube. Cap the tubes with aluminum foil and place in a vigorously boiling water 
bath for 30 minutes. The water in the bath should be deep enough to cover the lower 
two-thirds of the tubes. 

Remove the tubes from the water bath and cool to room temperature. Add 50 per 
cent ethanol to make a total of 10.0 ml. in each tube, cover with parafilm, and mix by 
inversion. Clean the outside of the tubes and read in a Klett colorimeter with a No. 56 
filter.t Subtract the reading of the blank from the readings of all unknown and standard 
solutions. Caleulate the concentration of NH,-N per milliliter of filtrate using Beer’s 
law and the reading of the standard. 

*2.8 to 3.5 ml. of blood. Too much blood will result in incomplete protein precipitation 
and too little blood will cause the development of excess CO:2z pressure when the filtrate is 
treated with K2:COs during analysis. 


Although the present procedure is described using a Klett colorimeter, other suitable 
colorimeters or spectrophotometers may be employed to determine the absorption at 560 mz. 





Volume 49 COLORIMETRIC METHOD FOR BLOOD AMMONTA DETERMINATION 78] 


Number 5 


The concentration of blood ammonia nitrogen is calculated from the NH,-N in 1 ml. 
of the filtrate by means of the following formula.* 
(NH;-N)y (V, - 0.10 V 


(NH,-N)s, = TV — 
t tea 


) 





= total volume in centrifuge tube (supernatant plus precipitate). 
V, = volume of precipitate. 
Vics = volume of trichloroacetic acid added to centrifuge tube. 
(NH,-N)» = concentration of ammonia in the supernatant fluid expressed as ug of 
NH,-N per milliliter of fluid. 
(NH,-N),g,; = concentration of ammonia in blood as wg NH,-N per milliliter of 
hlood. 


RESULTS 


Rate and Extent of Diffusion.—The rate of diffusion of ammonia from a 
filtrate of whole blood parallels the rate from an aqueous solution of ammonium 
sulfate (Fig. 1, Curves A and B). Quantitative transfer of ammonia is 
obtained after 20 to 30 minutes of rotation. We have chosen 30 minutes as 
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Fig. 1.—Effect of diffusion time on the amount of ammonia recovered after addition 
of potassium carbonate to various solutions. Curve <A-trichloroacetic acid filtrate of whole 
blood; Curve B—standard ammonium sulfate solution containing 1 wg NHs-N; Curve C— 
whole blood. 


*In this formula (Vt — Vtca) is the volume of blood used to prepare the filtrate. The 
quantity (Vt - 0.10Vp) is the total volume of fluid in the filtrate, including clear supernatant 
and the fluid which is retained in the precipitate. Under the conditions of precipitation and 
centrifugation described, the amount of fluid trapped in the precipitate was 90 + 1 per 
cent of the volume of the precipitate (15 determinations). Hence, the volume in which 
the ammonia is dissolveua is less than the total volume of trichloroacetic acid plus blood 
by !0 per cent of the volume of the precipitate. 
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the standard diffusion time. When potassium carbonate is added to whole 

blood and the rate of ammonia release is followed for 60 minutes (Curve ©), 

there is a continuing production of ammonia due to the ‘‘deaminating action’’ 
on whole blood reported by Conway.’ 


Standard Curve and Reproducibility of Color Development.—Seven deter- 
minations on each of 5 different standard ammonium sulfate solutions rang- 
ing from zero to 4 »g of NH,—N per milliliter were performed by the technique 
described above. The data are plotted in Fig. 2. Each point represents the 
mean of the 7 determinations. The standard deviation in each series is repre- 
sented by the length of the vertical line through the point. The intensity of 
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Fig. 2.—Effect of the amount of ammonia on color development. Actual Klett readings have 
been plotted without correction for the blank. 


the color produced by the reaction of ammonia with ninhydrin is observed to 
follow Beer’s law throughout this concentration range. The sensitivity of 
this color reaction is such that 0.1 »g of NH,—N causes the Klett reading to 
change by about 7 units. This is many times the sensitivity obtained when 
Nessler’s solution is employed for the determination of ammonia. 

We have tested a series of blanks by analysis of ammonia-free water and 
compared them with similar blanks performed on 10 per cent trichloroacetic 
acid. The mean values and the standard deviations in the two series were identi- 
cal. Water, therefore, has been used for the blank determination in these 
experiments. We also have preferred to prepare fresh ninhydrin reagent each 
day. It is our experience that the mean values of a series of blanks varies 
with different solutions of ninhydrin, but the standard deviation with a given 
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solution of ninhydrin remains essentially constant. Hence, it should be empha- 
sized that in any series of determinations a single solution of ninhydrin should 
be used throughout. 

Recovery of Added Ammonia.—It is not possible to add ammonium sulfate 
to a sample of blood and determine the amount of added ammonia nitrogen 
which may be recovered. This is true because there is a continual formation 
of ammonia in blood after shedding.S The time required to add a known 
amount of ammonium sulfate, mix, and remove a sample of blood for analysis 
results in the formation of an amount of ammonia which cannot be determined 
accurately. Therefore, we have performed recovery experiments by adding a 
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; Fig. 3.—Ammonia concentration in a single sample of blood as a function of time 
after shedding. Curve A-—trichloroacetic acid added to blood at zero time with separation 
of the filtrate and precipitate at times indicated; Curve B—whole blood kept under carbon 


dioxide; and Curve C—whole blood kept under air with TCA filtrates prepared and analyzed 
at times indicated. 


known quantity of ammonium sulfate to the trichloroacetic acid before addi- 
tion of blood. Blood was drawn from a single nonfasting subject and ap- 
proximately 3 ml. ejected into each of 10 graduated centrifuge tubes contain- 
ing 3 ml. of trichloroacetic acid. Five of the tubes contained a known amount 
of ammonium sulfate. The total ammonia content of each of the 10 filtrates 
was determined and the per cent recovery of the added NH,;—N caleulated. The 
mean recovery was 110 per cent of the added nitrogen with a standard devia- 
tion of +9 per cent. The 5 samples to which no extra ammonia had been added 
gave a mean value of 0.59 »g NH,—N per milliliter of blood with a standard 
deviation of +0.08 ng per milliliter. These data indicate satisfactory reproduci- 
bility in the analysis of the blood from a single subject and show that adequate 
recovery of added ammonia nitrogen is obtained. 
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In Vitro Formation of Ammonia in Human Blood After Shedding.—Con- 
way’ has shown that shed blood rapidly develops an increasing concentration 
of ammonia when exposed to room air. This formation is inhibited if the 
blood is collected under carbon dioxide. If the in vitro formation is due to an 
enzymatic breakdown of blood constituents, a protein-free filtrate should 
decrease the rate of this reaction and render the immediate analysis of the 
filtrate less imperative. 

Samples of blood were collected and stored under room air and under 100 
per cent carbon dioxide. A third sample was immediately mixed with ice- 
cold trichloroacetic acid. The 3 samples were analyzed for ammonia at stated 
intervals after shedding by the present technique. An ice-cold mixture of 
whole blood and trichloroacetic acid does not change its ammonia content for 
at least 80 minutes (Fig. 3, Curve A). We have found, however, that the 
ammonia content of a blood-trichloroacetie acid mixture prepared and main- 
tained at room temperature is not constant, but may increase as much as two- 
fold in 20 minutes. Whole blood in contact with air in vitro continues to 
form ammonia (Fig. 3, Curve C). This reaction is markedly inhibited by 
replacing the air with carbon dioxide (Fig. 3, Curve B). 

The Concentration of Ammonia in Human Blood.—The blood ammonia 
levels of 20 fasting individuals without clinical or laboratory evidence of liver 
disease were measured. The age range was 24 to 76. There were 7 women and 
13 men. Centrifugation of the chilled blood-trichloroacetic acid mixtures 
was completed within one hour after shedding. A mean value of 0.77 with a 
standard deviation of +0.28 ng NH.—N per milliliter of blood (range 0.47 to 


1.02) was obtained. These values may be compared to those of 3 patients in 
impending or frank hepatic coma with fasting blood ammonia levels of 1.6, 
2.4, and 4.8 ng NH.—N per milliliter. 


DISCUSSION 


The analysis of a protein-free filtrate of whole blood for its ammonia con- 
tent in a modified Seligson unit by the photometric ninhydrin procedure affords 
many advantages. Blood may be drawn on the hospital ward and an approxi- 
mate volume of blood rapidly mixed with ice-cold tricholoroacetie acid. This 
obviates the problem of the ‘‘in vitro formation of ammonia.’’ If the samples 
are maintained in an ice bath, they may be centrifuged and analyzed some 
time later in the laboratory. 

The filtrate is stable in room air and need not be handled hurriedly nor 
maintained under carbon dioxide. Quantitative diffusion of ammonia from 
these filtrates is obtained under the conditions required to transfer the NH; 
from ammonium sulfate solutions. The photometric ninhydrin procedure is 
more sensitive than nesslerization and more convenient than microtitration 
procedures. The ammonia content of the filtrate is readily converted to the 
corresponding value for whole blood by means of a simple formula. No sig- 
nificant loss of free ammonia occurs during the preparation of the protein-free 
filtrate as indicated by satisfactory recovery of the nitrogen of ammonium sul- 
fate when it is added to the trichloroacetic acid before the addition of blood. 
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SUMMARY 


|. A colorimetric microdiffusion technique for blood ammonia analysis has 
been deseribed. 

2. The technique combines modifications of the microdiffusion unit of 
Seligson and the ninhydrin procedure of Moore and Stein. 

3. Preparation of a trichloroacetic acid filtrate of blood prevents in vitro 
formation of ammonia and the ‘‘specifiec deaminating effect of potassium e¢ar- 
bonate.’’ 

4. Experiments on standard ammonium sulfate solutions and blood reveal 
that the colorimetric procedure is reproducible and that the recovery of added 
ammonia is quantitative. 


5. The venous blood ammonia concentration of normal fasting human sub- 
jects is found to be 0.77 + 0.28 »@ NH,—N per milliliter. 
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APPARATUS FOR CONTINUOUS PAPER ELECTROPHORESIS 


GEORGE L. SELDEN, B.S., AND ULRICH WESTPHAL, PH.D. 
Forr Knox, Ky. 


INTRODUCTION 


HE separation of charged particles by continuous electrophoresis in a sup- 

porting medium utilizes the movement of the ionized substances in 2 diree- 
tions perpendicular to each other. Contrary to 2-dimensional chromatography, 
only one movement, i.e., the electrophoretic, is differential, whereas the gravi- 
tational foree is practically uniform for all components of the mixture. Differ- 
ential migration in 2 directions has been used by Haugaard and Kroner’ who 
combined paper chromatography and paper electrophoresis in a one-step pro- 
cedure. Their method, which is necessarily discontinuous, may be considered 
the forerunner of the continuous electrophoretic techniques. Svensson and 
srattsten® used glass powder as a supporting medium in a device for econtinu- 
ous operation, whereas Grassmann and Hannig,? Durrum,* and Strain and 
Sullivan’ deseribed apparatus for a continuous separation on filter paper. 

These techniques have been designed primarily for preparative purposes 
and have proved their usefulness in this area of appliecation.® An additional 
advantage is that once the separation process has reached a steady state in the 
supporting medium, adsorption of the components of the mixture is essentially 
eliminated since the adsorptive centers become saturated (‘‘coated’’). This 
feature should make continuous electrophoresis on filter paper suitable as an 
analytical tool for studies on the binding of various compounds to proteins. 
Adsorption of these compounds to the paper in paper-strip electrophoresis 
limits the interpretation of transport rates in such systems where the migrat- 
ing proteins and the active centers of the cellulose fibers compete for the com- 
pounds under investigation. This problem has been discussed in connection 
with paper-electrophoretie studies on the binding of steroid hormones to serum 
proteins’; construction of the present apparatus was prompted by the desire 
to eliminate interference of paper adsorption with the binding to proteins. 


DESCRIPTION OF THE APPARATUS 
For the construction of the apparatus, descriptions of several models were avail- 
able2-6,8; other designs were published later.9-11 It was attempted to combine in one 
model the desirable features of the various types described in the literature, and to in- 
corporate certain improvements found useful in our own work. Fig. 1 gives a front view 
From the Protein and Steroid Section, Biochemistry Department, Army Medical Re- 


search Laboratory, Fort Knox, Ky. 
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of the apparatus and some details are shown in Figs. 2 and 3. Complete scale drawings of 
all construction parts have been deposited at this laboratory and blueprints are available 
upon request.* 

The main part of the apparatus consists of a plastic (Lucite) cabinet, 1614 inches x 
7% inches x 30 inches high, mounted on a 4 inch aluminum baseplate, 1834 inches x 121%4 
inches, which rests on 3 points. A cireular level and 2 adjustable serews facilitate hori- 


zontal positioning. The cabinet is divided into an upper “separation” chamber, 20 inches 


~ 


“at atte genset 


Fig. 1.—Continuous electrophoresis apparatus, front view. 
high, and a lower “collection” chamber, 914 inches high. A buffer trough, divided into 3 
compartments, and a removable rack are supported in the upper chamber. The 2 chambers 
are connected by a slot accommodating a funnel rack and 2 electrode wash collectors. The 
tips at the bottom of the paper curtain deliver the solution into the collection funnels which 


» aligned with a row of test tubes mounted on a removable rack. The occlusion of the 


*Continuous Electrophoresis Apparatus, Drawings No. 646 through 652, 656, 1000, and 
» Army Medical Research Laboratory, Fort Knox, Ky. 
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separation chamber permits periodic exchange of the collection tubes with the least possi- 
ble disturbance of the atmosphere about the filter paper. The apparatus is designed for 
operation in a cold room (about +4° C.), but also may be used at room temperature.  le- 
flectors are fixed to the walls of the separation chamber to prevent condensate on thie 
eabinet walls from reaching the electrical leads, the buffer trough, or the support rack. 
The sliding door of the separation chamber and the door of the collection chamber can be 
tightly closed by screws. The sliding door has 9 holes, 4 inch in diameter, so that the 
experimental solution may be applied at 3 locations at 3 different levels. Provision is made 
to support the buffer trough at 3 corresponding levels. The unused holes are closed by rub- 
ber stoppers. A hole next to the point of application accommodates a bent wire elad in 


foam rubber which serves as a window wiper for convenient observation (not illustrated), 
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Fig. 2.—Filter paper sheet cut for use in the continuous electrophoresis apparatus. 


A—Bar at top of support rack; E—electrode support bar; F—tab for application. 


Various filter papers were tested for use with the apparatus. The wet strength, buf- 
fer-flow rate and behavior in protein staining with bromphenol blue were found to be satis- 
factory with Whatman No. 3 MM and Eaton-Dikeman No. 641 papers. The paper (Fig. 
2) is cut with scissors after the serrations at the bottom have been marked with the aid 
of a metal template. The paper is mounted with the fold on the bar across the top of the 
support rack. The wide middle section at the top dips into the center compartment of the 
buffer trough and the outer sections are immersed in the outside compartments. The paper 


is wet with buffer and tightened on the rack with the electrode bars which are then clamped 
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to the rack holding the paper in place. Paper of shorter length may be employed by utiliz- 
ing the 2 lower levels of application mentioned above. In this case, a shorter support rack 
is substituted. 

Considerable difficulty was experienced due to electrode products which tended to in- 
vade the separation area of the paper curtain. The problem was finally solved by the 
present arrangement. The plastic electrode support bars (E in Figs. 2 and 3) have a 4 
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Fig. 3.—Schematic side view of continuous electrophoresis apparatus. 
‘ A—Support rack; B—filter paper sheet; C—cotton strip; D—platinum wire electrode; 
E—-electrode support bar; F—tab for application; G—collecting funnels; H—electrode wash 
collector ; I—test tubes; K—-circular level; L—buffer trough: M—buffer-leveling device; 
N-—applicator; O—motor-driven syringe; P—dialysis tubing sheath; Q—rubber tube. 


inch X 4% ineh U-shaped groove down the face in which an 18 gauge platinum wire is 
mounted and connected to a stainless steel pin contact on top of the bar. A heavy cotton 
strip’ is packed into the electrode bar, and the entire bar enclosed in a tube of cellulose 
faxing (Nojax*) which prevents the buffer from flooding over onto the paper while 


*Nojax from the Visking Corporation, Terre Haute, Ind. 
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allowing uniform electrical contact. The lower end of the cotton strip is inserted into a 
plastic collector from which the electrode wash drains through tubing to a waste container, 
The 2 outer compartments of the buffer trough feed the buffer to the electrodes. Each of 
the 3 compartments in the trough is supplied by a reservoir bottle of 4.6 L. capacity; for 
convenience, a second bottle may be added for each outer compartment. It has been found 
that a volume of about 4 L. of buffer can be passed through one electrode tube in 24 hours 
if the portions of the cotton strips leading from the buffer troughs are widened to approxi- 
mately 1 inch. This rate of flow proved satisfactory in preventing electrode products from 


entering the separation area of the paper. It was recently found that a piece of gauze, 


16 inches wide, folded and packed into the groove, also washed the electrode satisfactorily. 

The buffer level is maintained constant in each compartment of the trough by a level- 
ing device which is illustrated in Fig. 3. By means of this device and breaks connected by 
glass tubes (not illustrated) in the flexible tubing leading to the reservoir bottles, it is 
possible to clamp off the tubing and replace empty buffer bottles without interrupting the run. 

The sample is applied with the aid of a constant-speed, motor-driven compensator as 
used in boundary electrophoresis. An intermediate wheel has been introduced in the belt 
drive so that the volume delivered by different syringes can be varied between approxi- 
mately 0.3 and 13 ml. per 24 hours. The syringe is connected to the applicator vessel by 
34, inch bore heavy wall plastic tubing (Figs. 1 and 3). It was later found advantageous 
to place the motor-driven syringe on top of the separation chamber and thus shorten the 
length of this connecting tubing. 

The solution reaches the paper through a 1 mm. capillary which ends on a small tab 
(F in Figs. 2 and 8) cut from the paper. The tab is 6 mm. wide and extends 4 mm. from 
the paper plane. A 6 x 20 mm. slot in the paper above the tab provides a “dry” area 
immediately under the tab and thus facilitates sample uptake. In a recent modification, a 
triangular tab, 20 mm. long, dips into a small cup, 4 mm. deep, which is sealed to the end 
of the capillary. The apparatus can be operated continuously since it is easy to replace the 
test tubes in the collecting chamber, to refill the applicator, and to substitute buffer bottles 
as mentioned above. 

The electric field is supplied by a voltage-regulated power supply.* Application of 
225 volts to the contacts produces a potential of 190 to 195 volts across the 30 em. wide 
field, using Whatman No. 3 MM paper and a Michaelis veronal buffer of 0.05 ionie strength. 
On the average, the current is found to be about 23 Ma. after equilibrium has been reached; 
it increases by several milliamperes after the dialyzed serum sample has been applied. 


APPLICATION OF THE APPARATUS FOR THE SEPARATION OF SERUM PROTEINS 


The efficiency of the apparatus was tested by separating normal human serum into 
its protein components. All operations were carried out at +4° + 0.5° C. The serum was 
dialyzed for 24 hours versus Michaelis veronal buffer of pH 8.6, 1 = 0.05, which also was 
used for the electrophoretic separation. Whatman No. 3 MM paper was employed which 
had been washed with 2 per cent acetic acid, 4 per cent sodium carbonate, water, ethanol, 
acetone, and again water. The buffer-flow rate was allowed to stabilize overnight, a po 
tential of 225 volts was applied and the apparatus equilibrated for 4 more hours. The sam 
ple was then fed to the paper at the approximate rate of 2 ml. per 24 hours. The experi- 
ment was terminated when 5.5 ml. had been taken up by the paper. The paper was re- 
moved from the rack, suspended, dried by a stream of air, trimmed, and then heated at 
110° C. for 30 minutes.12 In order to check the quality of the separation obtained, the 
protein pathways were developed by staining with an alcoholic solution of bromphenol 
blue and subsequent washing with 0.5 per cent acetic acid as recommended by Kunkel and 
Tiselius.13 


*Reco Model E-800-2, manufactured by Research Equipment Corporation, Oakland, 
Calif. 
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TABLE I. ANALYSIS OF SEPARATED SERUM PROTEIN COMPONENTS 


(FOR LOCATION OF TIPS SEE FIG. 2.) 





COLLECTED | | 








| 
| 
FRACTION | 
— 16 + 17 ‘«Prealbumin’’ 0.5 No indication of second com- 
ponent 
13 to 15 Albumin E One component 
11 . One component 
Alpha-globulin x 
10 + 12 sn & One component 
8 . (Sample lost) 
7+9 Beta-globulin Two closely related components 
5 + 6 Intermediate Fraction 3.8 (Not analyzed) 
2 to 4 Gamma-globulin One component 


FROM | PERCEN TAGE RESULT OF BOUNDARY 
TIP NO. | PROTEIN COMPONENT | DISTRIBUTION ELECTROPHORESIS 








The collected solutions of the separated serum components were combined in fractions 
(Nos. 1 to 8, Table I) on the basis of the pattern observed on the stained paper. The frac- 
tions were concentrated by pervaporation in dialysis tubing and dialyzed versus Michaelis 
veronal buffer of pH 8.6, 7 = 0.1. 


Total protein content of the fractions was estimated 
by the biuret method of Gornall, Bardawill, and David14 which was adjusted to the smaller 
volumes available. The electrophoretic homogeneity was determined using a Tiselius 
apparatus, * 


RESULTS AND DISCUSSION 


The data of Table I indicate that the apparatus gives satisfactory separa- 
tion of serum into the protein components.t Boundary electrophoresis of the 
fractions at pH 8.6 demonstrated their homogeneity. These findings are in ac- 
cordance with those of Grassmann and Hannig® who determined the quality of 
the separated components by paper strip electrophoresis. The present technique 
reveals clearlyt the presence of and allows the isolation of a component faster 
than albumin (‘‘prealbumin’’) which was observed also by Grassmann and 
Hannig® and by Durrum.*® 

The electropherogramt shows straight pathways for the various protein 
components, indicating a homogeneous electrical field over the area utilized for 
separation. The uniform distribution of the potential has been confirmed by 
actual voltage measurements on the paper. The uniform field is the result of 
extending the platinum electrode wires over the whole length of the sample 
migration. Efficient removal of the electrode products is achieved by the use 
of the heavy cotton strips and dialysis tubing with the electrode support bars 
shown in Fig. 3. This arangement is easily assembled and allows a high flow 
rate over the electrodes. 

Various techniques of wick feeding, as described in the literature,® did not 
prove entirely satisfactory, mainly because of changing rate of application as 
the level of the sample in the applicator decreased. Uniform feeding is obtained 
With the aid of the motor-driven syringe described which also permits a wide 
selection in the application rate. 

*“Model 38 of the Perkin-Elmer Corporation, Glenbrook, Conn. 
‘The electropherogram of this experiment has been given elsewhere.” 
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The buffer-leveling device allows a convenient adjustment of the liquid level 
in the buffer trough compartments without regard to location or size of the reser- 
voir bottles. Varying the buffer level does not greatly influence the rate of down- 
ward flow in the paper in comparison with the marked differences in the flow 
‘ate observed with various types of filter paper. 

Utilization of the collecting funnels aligned with the test tubes is preferred 
beeause it facilitates replacement of the rack of tubes without the necessity 
of handling each individual paper tip. Another advantage of this arrange- 
ment is that rubber* or plastic’® tubing is not required. Tubing of such mate- 
rial may cause sample loss; it also may become contaminated when used in 
tracer studies with certain radioactive compounds. 

The present apparatus for continuous electrophoresis has proved to be 
useful for an efficient separation of various protein mixtures (human and 
bovine sera, blood coagulation factors). Preliminary experiments indicate 
its value in studies on the binding of low-molecular compounds to proteins. 


SUMMARY 


An apparatus is described for continuous electrophoretic separation of 
charged particles on a filter paper curtain. The design makes provision for 
a homogeneous electrical field and efficient removal of the electrode products. 
Separation and collection chambers are separated. The sample is applied 
with the aid of a motor-driven syringe. An example is given for the separation 
of normal human serum into its protein components. 
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THE DETERMINATION OF INULIN IN THE PRESENCE OF HIGH 
GLUCOSE CONCENTRATIONS BY THE RESORCINOL-THIOUREA 
PROCEDURE, AFTER ALKALI-AUTOXIDATION OF THE GLUCOSE 


THEODOR D., ULLMANN, M.D., AND Lisa ULLMANN 
JERUSALEM, ISRAEL 


LTHOUGH inulin has been in use for more than 20 years for measuring 
A the glomerular filtration rate and for the determination of the extracellu- 
lar space, the best method of its accurate determination in plasma and urine 
is still a matter of discussion. In the procedure using diphenylamine,’ glu- 
cose has to be removed from the blood filtrates by yeasting, which complicates 
and prolongs the determination considerably. The determination of inulin 
hy the method of Roe and co-workers? employing the resorcinol-thiourea 
reagent, is more sensitive and is not markedly influenced by the presence of 
glucose in normal plasma concentration. However, with higher glucose con- 
centration as found in plasma and urine of diabetic subjects and during the 
determination of glucose-Ty, the glucose has to be removed also in this method 
prior to the determination of inulin, or else, blank determinations with vary- 
ing concentrations of glucose have to be carried out simultaneously. 

The method of Little,’ for the destruction of glucose by autoxidation in 
strongly alkaline solution, is quicker and less complicated than the destruc- 


tion of glucose by yeasting. It was found, however, that commercial prepara- 
tions of inulin may contain alkali-labile fractions in varying proportions, 
which will be destroyed during heating with alkali.*® 

The following study was undertaken to determine the behavior in vitro 
of a mixture of inulin with varying glucose concentrations during alkali 
treatment with respect to the accuracy of the inulin determination, using the 
resoreinol-thiourea method of Roe and co-workers.’ 


METHODS 

The inulin used was “Inulin C. P. White,” manufactured by Fisher Scientific, Pitts- 
burgh, Pa., lot No. 480618. Solutions were prepared containing 0.01 mg. per milliliter and 
0,02 mg. per milliliter. These concentrations correspond to a plasma inulin concentration, 
prior to deproteinization and twentyfold dilution, of 0.2 and 0.4 mg. per milliliter. Corre- 
spondingly, for covering plasma glucose concentrations from 2 to 8 mg. per milliliter, as 
used in gluecose-Ty, solutions were prepared which contained, in addition to inulin, 0.1 to 
0.4 mg. per milliliter of glucose. 

Two milliliters of the above solutions were boiled for 15 minutes with 0.5 ml. 4 N 
NaOH. The control samples were heated with 0.5 ml. water. After cooling, 1 ml. resorcinol- 
thiourea reagent and 7.5 ml. 30 per cent HCl were added, and the test tubes were kept for 
exactly 10 minutes in a water bath at 80° C. During cooling the test tubes were kept in 
the dark, The color was read against a reagent blank in a Klett-Summerson photoelectric 
colorimeter, using filter No. 54. 


From the Laboratory of Clinical Research, Rothschild-Hadassah University Hospital and 
The Hebrew University-Hadassah Medical School, Jerusalem, Israel. 


Received for publication Sept. 11, 1956. 
93 





ULLMANN AND ULLMANN J. Lab. & Clin, Med, 


May, | 
RESULTS 
The results, expressed by the figures read from the galvanometer, are given 
in Table I. 


TABLE I, THE EFrrect OF BoILING WITH 4 N NaOH ON THE DETERMINATION OF INULIN 1N 
THE PRESENCE OF VARIOUS AMOUNTS OF GLUCOSE 





INULIN WITH GLUCOSE ADDED, BOILED WITH 
INULIN WITHOUT GLUCOSE 4.N NaoH 








INULIN CONTROLS BOILED 
CON CENTRATION BOILED WITH AMOUNTS OF GLUCOSE 


MG./ML. WITH H,0 4NNa0H | 0.1 MG./ML. | 0.2 MG./ML. | 0.3 MG./ML. | 0.4 MG./) 
36.7 + 1.1 31.6 = 15 33.6 + 0.9 33.4 + 2.6 36.6 + 1.2 36.5 = 2 
0.01 (n = 33) (n= 33) (9 = 10) (Ww = 19) (8 = 10) (= 








0.02 7.5 + 3. 59.0+23 6152414 63422.6 67.2 + 2. 68.6 + 3. 
: (n = 32) (nm == 36) (a = 9) (n 


— (nh 





As the first 2 columns of the table show, about 13 per cent of the inulin 
used in these experiments were destroyed by hot alkali. The next 4 columns 
indicate that the presence of glucose in varying amounts during the boiling 
with alkali raises the inulin values, gradually, to their original values. 

DISCUSSION 

The figure of about 13 per cent obtained in these experiments for the 
alkali-labile fraction of inulin corresponds with figures found in the litera- 
ture. It may be repeated, however, that with commercial preparations of in- 
ulin very different results may be obtained. In some of our own experiments 
on ampuled inulin (U.S. Standard Products Co., Woodworth, Wis.) we have 
found that about 45 to 50 per cent may be destroyed by alkali treatment. 
Therefore if commercial inulin preparations are to be treated with hot alkali, 
the alkali-labile fraction must be removed, or at least must be quantitatively 
determined, before the material is used. 

As shown in the last 4 columns of the table, the presence of glucose during 
the alkali treatment of inulin solutions caused the inulin readings to become 
higher; actually as high as in the control experiments (column 1 of the table). 
This phenomenon may be due to one of the following possibilities : 


1. Breakdown products of the oxidized glucose react with the resorcinol- 
thiourea reagent similarly to inulin and raise the readings for the latter. 

2. The glucose protects, under the defined conditions of concentration and 
time of heating, the inulin from being destroyed by the alkali. 

In order to decide between these two possibilities, the following addi- 
tional experiments were carried out: Glucose solutions alone in various concen- 
trations were boiled with alkali, neutralized, and then treated with the resor- 
cinol-thiourea reagent. In these experiments no inulinoid material was found. 

It can therefore be coneluded that inulin preparations, which contain not 
more than about 13 per cent alkali-labile inulin, are not destroyed during boil- 
ing with hot alkali for 15 minutes if glucose is present in the solution in a 
concentration of 0.3 to 0.4 mg. per milliliter. From a practical point of view, 
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this means that in experiments for the determination of glucose-Ty the glu- 
cose can be removed by autoxidation with alkali and then the inulin can be 
determined by the resorcinol-thiourea method, provided that the alkali-labile 
portion of the inulin does not exceed about 13 per cent. 


SUMMARY 


Commercial inulin preparations contain alkali-labile fractions in varying 
amounts. Under certain conditions these fractions are protected from alkali- 
autoxidation by the presence of glucose in the solution. 

In glucose-T,, experiments, inulin therefore can be determined by the 
resoreinol-thiourea method, provided that the alkali-labile fraction of inulin 
does not exceed about 13 per cent. 
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DETERMINATION OF THE CARBOHYDRATES IN THE 
GLYCOPROTEINS AND MUCOPROTEINS OF 
CEREBROSPINAL FLUID 


ELIzABETH Rospoz, PH.D., Romeo R. Aprostrot, M.D., ANNE M. Lurr, M.S., Anp 
WaLter C. Hess, Px.D. 
WASHINGTON, D. C. 


|‘ THE diagnosis of neurological diseases the changes in the composition of 
cerebrospinal fluid are considered to be important. At the present time 
only those constituents that are present in relatively high concentrations, such 
as protein, chloride, and glucose, are usually determined. The estimation 
of other constituents awaits the development of suitable methods. For one 
particular group of compounds, the earbohydrates bound to the proteins, 
analytical methods are being developed. Attention has been focused on these 
compounds beeause they were found to be greatly inereased in the blood 
serum in neurological disorders. Since the cerebrospinal fluid can be ex- 
pected to reflect the pathologie conditions of the nervous system to a greater 
extent than the blood, our efforts have been directed toward studies of the 
fluid. Methods have been devised for the determination of the hexose and 
hexosamine content of the total glycoproteins and of the gamma globulin.’ 
The application of these methods to a large number of spinal fluids from 
various neurological disorders has shown that the greatest increase in total 
bound hexoses occurs in brain tumors.* 

In furtherance of this line of investigation, we have developed methods 
for the determination of the hexose and hexosamine content of mucoproteins, 
glycoproteins, and also alpha glycoprotein in spinal fluid. The details of these 
procedures are the subject of the present paper. 


METHODS AND MATERIALS 


Spinal fluid from normal healthy persons could not be obtained. In our earlier 
studies we used as normal controls spinal fluids from nonneurological patients undergoing 
surgery with spinal anesthesia.3 Since the volume of fluid required for the determination 
of the glycoprotein and the mucoproteins is larger than can be so obtained, we selected as 
control samples spinal fluids that were considered normal using the eriteria of protein 
content+ and protein-bound carbohydrate concentration. Most of the fluids came from 
retarded children and adult epileptics. All of the fluids were taken by lumbar puneture. 

Analytical data are given on a few miscellaneous cases of neurological disorders in- 
cluding eystie pituitary tumors, convulsions due to unoperated brain tumor, metastasis to 
the central nervous system from a primary lung cancer, and multiple sclerosis. 

The nomenclature employed throughout these investigations for the several earbo- 
hydrate-containing proteins is that of Winzler.5 
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Glycoproteins and Mucoproteins.—The methods are based on the procedures of Weimer 
and Moshiné for the estimation of these compounds in blood serum. Because they are 
present in spinal fluid in much lower concentrations than in serum, it was necessary to 
alter the concentration of the reagents employed and also the time required for precipita- 
tion. 

Reagents: (1) Perchlorie acid solution, 41 ml. of 70-72 per cent perchloric acid is 
diluted to 100 ml. with distilled water; (2) phosphotungstie acid solution, 18 Gm, is dis- 
solved in 100 ml. of 2N HCl. 

Procedure: To 5 ml. of spinal fluid, add slowly 0.5 ml. of the perchlorie acid solu- 
tion. Mix immediately and let stand at room temperature for 2 hours. The precipitated 
glycoprotein is centrifuged for 10 minutes. Decant the supernatant solution into a 15 ml. 
centrifuge tube. To the supernatant solution, add 0.25 ml. of the phosphotungstic acid 
solution, mix well, and let stand overnight in the refrigerator. Centrifuge and diseard the 
supernatant; the precipitate contains the mucoproteins. Both precipitates are washed 
with 95 per cent ethanol to remove traces of free sugars and analyzed for hexose and 
hexosamine according to the methods of Roboz and co-workers,2 and for tyrosine by the 
method of Winzler.5 

For each determination it is necessary to precipitate the proteins from a 5 ml. ali- 
quot of spinal fluid. 

Alpha Glycoprotein.—The method of Jacox? was adapted for use in spinal fluid. As 
applied by Jacox to blood serum, the method was essentially turbidimetrie and it esti- 
mated the protein moiety of the alpha glycoprotein. We have altered this phase of the 
procedure by introducing the colorimetric determination of the component carbohydrates 
following the precipitation of the glycoprotein. 

Reagents: (1) Collidine solution, 2.64 ml. of 2,4,6 collidine diluted to 100 ml. with 
distilled water; (2) collidine buffer, pH 6.6, prepared by taking 25 ml. of the collidine 
solution and 42.5 ml. of 0.1 N HCl and diluting to 100 ml. with 0.9 per cent NaCl solution; 
3) Cetol,* 0.1 per cent in distilled water. 

Procedure: To 2 ml. of spinal fluid in a 15 ml. glass, stoppered centrifuge tube, add 
7 ml. of collidine buffer and 1.0 ml. of the Cetol solution. Mix well, stopper, and let stand 
overnight in the refrigerator. Centrifuge for 15 minutes, decant the supernatant, and 
wash the precipitate with 5 ml. of 80 per cent ethanol to remove traces of the precipitant 
and also of free sugars. Hexose, hexosamine, and tyrosine can be determined by the same 
procedures used for the glycoproteins and the mucoproteins. 

Neuraminic Acid.—We have improved our method for the determination of neuraminic 
acil by changing the precipitant from trichloroacetic acid to 95 per cent cold ethanol. 
As a result, only 2 ml. of spinal fluid are required for analysis instead of the original 
10 ml. 

Reagent: 100 mg. of orcinol is dissolved in 41 ml. of concentrated HCl, and to this 
solution 1 ml. of 1.0 per cent ferric ehloride and water is added to make the final volume 
50 ml. This is the same reagent used by Bohms for the determination of neuraminie acid 
in serum. 

Procedure: To 2 ml. of spinal fluid in a heavy-walled, glass, stoppered centrifuge 
tube, add 10 ml. of 95 per cent cold ethanol and allow to stand overnight in the refrig- 
erator. Centrifuge, dissolve the precipitate in 1.0 ml. of distilled water, and add 1.0 ml. 
of the oreinol reagent. Stopper tightly, using a steel spring, and boil in a water bath for 
20 minutes. After cooling, the solution is shaken with 5.0 ml. of isoamyl alcohol, the rest 
of the estimation is carried out as previously deseribed.2 


RESULTS 
The values are expressed as milligrams per 100 ml. of spinal fluid; the 


ndard deviations are ineluded with the average values. The precision of 
precipitation procedures was tested by replicate determinations of the 


_ *The use of Cetol was recommended by Dr. Jacox; it can be obtained from Fine Or- 
Sanics, Inc., 211 E. 19th St., New York, N. Y. 
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hexose content of the mucoprotein and alpha glycoprotein with the following 
results: for mucoprotein (4 replicates), 0.31 + 0.02 mg. per 100 ml.; for alpha 
glycoprotein (6 replicates), 0.61 + 0.03 mg. per 100 ml. 

The hexose, hexosamine, and tyrosine content were determined in the 
spinal fluid; hexose and tyrosine in the serum. When the ratio of muco- 
protein hexoses to the total protein-bound hexoses (sum of glycoprotein and 
mucoprotein hexoses) was calculated for the spinal fluid and compared with 
the ratio of these components for the normal serum, it was found that the 
ratios differed greatly. The results obtained are given in Table I. For the 
spinal fluid a value of 36.8 per cent was obtained, and for the serum 12.5 per 
cent. 

The difference between these ratios is not due to errors in the method 
since dilution of the blood serum to bring the concentration range of the 
protein-bound carbohydrates to that found in spinal fluid did not alter the 
analytical values. We have caleulated the ratio for serum from the results 
obtained by Winzler® and Greenspan®; their values give ratios of 10.2 and 8.3 
per cent, respectively, slightly lower than our ratio of 12.5 per cent. 

The tyrosine content of the glycoproteins and mucoproteins also is given in 
Table I. There is a higher ratio of hexose to tyrosine in mucoprotein than 
in glycoprotein. That the mucoprotein is rich in carbohydrate also has been 
reported for blood..° The hexose, tyrosine ratio of the mucoproteins in 
blood, according to our values, is 3.4, and according to Winzler,® is 3.7. 


TABLE I, HEXOSE, HEXOSAMINE, AND TYROSINE CONTENT OF THE GLYCOPROTEIN AND 
MUCOPROTEIN IN BLOOD SERUM AND SPINAL FLUID 











SPINAL FLUID (12) 


| SERUM (6)* | 
| (MILLIGRAMS PER 100 ML.) | (MILLIGRAMS PER 100 ML. 


Glycoprotein 
Hexose 120.0 + 8. 0.91 
Hexosamine — 0.23 
Tyrosine 234.0 * 4.3 1.01 
Mucoprotein 
Hexose a2: 3.$ 0.53 0.12 
Hexosamine 0.12 0.02 
Tyrosine ’ ’ 0.10 + 0.02 
Total Hexose B ; 1.44 0.47 





0.32 
0.04 
0.25 


I+ 1+ |+ 


I+ 1+ I+ 1+ 


Ratio x 100 (per cent) 


Mucoprotein Hexose 
Total Protein Hexose 





Glycoprotein Hexosamine 





Glycoprotein Hexose + Hexosamine 


Mucoprotein Hexosamine 
Mucoprotein Hexose + Hexosamine 





Glycoprotein Hexoset 





Glycoprotein Tyrosine 


Mucoprotein Hexoset 
Mucoprotein Tyrosine 





3.4 





*The numbers in parentheses are the number of cases analyzed. 
tThese are the actual ratios, not per cent. 
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Because of the great difference between the ratios of the carbohydrate 
content of the mucoprotein to total protein-bound carbohydrate of serum and 
spinal fluid, the fluid and the serum of the same person were investigated. The 
results are presented in Table Il. The ratios of the carbohydrate content of 
the mucoprotein to the total protein-bound carbohydrate were 40.3 and 18.6 
per cent for the spinal fluid and the blood serum, respectively. It is apparent 
from these results that the difference in ratios previously found is real and the 
blood does differ from the spinal fluid. 


rABLE If. HEXOSE CONTENT OF THE GLYCOPROTEIN AND MUCOPROTEIN IN THE BLOOD SERUM 
AND SPINAL FLUID FROM THE SAME PATIENT 


SERUM (6)* | SPINAL FLUID (6). 

( MILLIGRAMS PER 100 ML. ( MILLIGRAMS PER 100 ML.) 
Glycoprotein Hexose 114.0 + 8.0 1.04 + 0.53 
Mucoprotein Hexose 26.0 + 12.0 0.70 + 0.25 
Total Protein Bound Hexose 140.0 + 26.0 1.74 + 0.68 
Ratio x 100 
Mucoprotein Hexose » 100 ' 40.0 
— - 8.6 0. 
rotal Protein Hexose : 





*The numbers in parentheses are the number of cases analyzed. 


Hexosamine has been determined in 11 spinal fluids and the ratio caleu- 
lated in terms of the total hexosamine of the glycoproteins and mucoproteins. 
The values are included in Table [. The ratio of hexosamine to the total 
protein-bound carbohydrates is somewhat higher in glycoprotein than in the 
mucoprotein, but the difference is not significant. 

Determination of hexoses in alpha glycoprotein in 6 spinal fluids gave 
an average value of 1.02 + 0.12 mg. per 100 ml., and the ratio of the alpha 
glycoprotein hexose to the total protein-bound hexose was 58 per cent. The 
tyrosine content of the alpha glycoprotein was 0.18 mg. per 100 ml. The low 
tyrosine value suggests that the alpha glycoprotein contains some mucoprotein. 
It has been shown electrophoretically that the mucoprotein has a mobility very 
close to that of the alpha glycoprotein.’° Attempts were made to study the 
precipitated alpha globulins by the use of paper electrophoresis. Although 
all operations were carried out at 5° C. and the protein freed from buffer and 
reagents by dialysis. and various buffers of different pH were employed, the 
proteins did not move. It was felt that the precipitation with Cetol had de- 
natured the proteins. 

While the primary purpose of this paper is to report on procedures for the 
termination of mucoproteins and glycoproteins in spinal fluid, it is of in- 
‘rest to note several observations already made. In certain diseases, in- 

‘reases of the mucoprotein content occurred as compared with the control 
spinal fluids. The hexose content of the mucoproteins from 12 control spinal 
ids was 6.53 + 0.12 mg. per 100 ml. Values of 2.88 and 1.02 were obtained 
2 eases of metastatic brain tumor; 2 cases of spinal cord tumor gave 0.73 
| 1.21 mg.; 2 primary brain tumors (astrocytoma) gave 2.0 and 2.5 mg. 
Three cases of multiple sclerosis had values of 0.55, 0.61, and 0.56 mg. per 
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100 ml., respectively. These values are all within normal limits. Howe 

a case in acute exacerbation had a mucoprotein hexose content of 1.2 mg. 

100 ml. 

The average value for a series of analyses of the neuraminie acid content 
of the control spinal fluids was 0.24 + 0.09 mg. per 100 ml.; for a series from 
various neurological disorders, the values ranged from 0.30 to 0.78 meg. per 
100 ml. 

DISCUSSION 


Most investigators have studied the carbohydrate-containing proteins by 
estimating the tyrosine content of the protein portion of the molecule rather 
than the carbohydrate itself. Admitting that this procedure is simpler than 
the methods for the determination of the carbohydrate, the fact remains that 
the carbohydrate values are more significant than are the tyrosine values. 
We have found that with the same protein content the amounts of the associ- 
ated carbohydrates differ.* It appears that, as a result of the pathologie proe- 
ess, some earbohydrate-rich protein fractions accumulate in the spinal fluid. 

Similar investigations on serum glycoproteins have shown that they, like- 
wise, are not homogeneous but consist of several fractions. This applies to 
the mucoproteins'''* and also to the alpha glyceoprotein.'*'® It is entirely 
possible that in some diseases the orosomucoid, which belongs to the group of 
mucoproteins and is characterized by a high carbohydrate content, increases 
to a greater extent than do the other compounds with lesser carbohydrate 
content belonging to the mucoprotein group. 

A few preliminary observations indicate that different neurological cis- 
eases may increase the mucoprotein hexose content of the spinal fluid. In 
central nervous system malignancy, however, there is a definite elevation. 
Our previous studies on a large number of spinal fluids have shown that the 
total glycoprotein increases significantly in brain tumor.* Only after a sig- 
nificant number of spinal fluids have been analyzed can the conelusion be 
drawn that the mucoprotein determination is more valuable than that of the 
total glycoprotein as a diagnostic acid. 


SUMMARY 


Procedures for the determination of the hexose and hexosamine content 
of the glycoprotein and mucoprotein of spinal fluid have been devised. These 
methods were applied to a number of spinal fluids from control cases in com- 
parison with normal blood sera. The ratio of the mucoprotein hexose to the 
total protein-bound hexose content (sum of the mucoprotein and glycoprotein 
hexoses) for the spinal fluids was 36.8 per cent and 12.5 per cent for the sera. 
When spinal fluid and blood serum from the same patient were analyzed, the 
ratios obtained were 40.5 and 18.6 per cent, respectively. 

The ratio of hexose to tryrosine is higher in spinal fluid mucoprotein 
than in blood serum, 5.5 and 5.4 per cent, respectively; the ratio of hexose 


to tyrosine in glycoprotein is likewise higher in spinal fluid than in blood 


serum, 0.9 and 0.5, respectively. 
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There is more hexose and hexosamine in spina! fluid from the glycoprotein 
than from the mucoprotein. This merely reflects the fact indicated by the 
tyrosine values that there is more glycoprotein than mucoprotein in the spinal 
fluid. 
The determination of neuraminie acid has been improved. Only 2 ml. of 
spinal fluid are now required instead of the previous 10 il. 


There is an indication that neoplasms of the central nervous system cause 


an increase in the mucoprotein content of the spinal fluid. 
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MANOMETRIC CALIBRATION OF WARBURG FLASKS 


J. D. Ross, M.S., anp G. E. Girrorp, PH.D. 
MINNEAPOLIS, MINN. 


— applications of the Warburg respirometer to study of mammalian cell 
cultures make desirable a method of flask calibration which (a) does not 
involve mereury, and (b) permits repeated recalibration of sterile flasks. 
Described manometric procedure’ is cumbersome. A method for calibration 


with a modified commercially available micrometer? has been reported®; con- 
sideration of this method suggested that calibration of flasks could be acecom- 
plished conveniently by use of the calibrated manometers of the respirometer 
itself. 

METHOD 


, ’ . P Vv’ , 
From Boyle’s law (PV = K at constant temperature), i — . If the gas volume 
»” V . 
of an enclosed vessel is decreased by x, the internal gas pressure will be increased by h, and 
Pp V-x ot Sor h (V - x) : 
— ——. Then P, the initial gas pressure, equals ——— =. Now consider two 
P+h \ x 


empty Warburg flasks (1 and 2), with gassing vents closed, attached to calibrated manome- 





ters with open stopeocks. The manometer fluid is leveled at some arbitrary setting (say 
50 mm.). When the flasks are equilibrated at equal pressure (atmospheric) and constant 
temperature, the manometer stopeocks are closed. In each manometer the fluid columns in 
the two arms are equal in height. The manometer fluid then is pushed up the closed arm 
of each manometer so as to decrease the enclosed gas volume by a known amount, x. After 
re-equilibration to constant temperature, pressure increments (h) are read as the differ- 
ences between manometer readings on closed and open manometer arms. Where P = at- 
mospherie pressure, V = gas volume of flask and manometer to the initial setting on the 
closed arm, and x = volume decrement to final setting on closed arm: 
h, (V; - x) 


xX, 


= 


And 


Thus, if the gas volume of Flask 1 is known, the volume of Flask 2 ean be ealeulated from 
the above formula. Note that from the formula V. equals volume of flask and manometer 
to the initial setting; flask volume to the manometer zero is obtained by suitable sub- 
traction. 
RESULTS 

For evaluation of the method, 20 Warburg flasks ranging in volume from 
15.12 to 20.44 ml. were calibrated with mereury, then reealibrated by the above 
manometric method at room temperature on different days and after varying 
periods of equilibration in the Warburg bath. Flask volumes were ealeulated 
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relative to the mereury-calibrated volume of one flask. Under each set of con- 
ditions each flask was ealibrated manometrically three times, and the pressure 
increments (h) recorded as the means of three readings. Each flask volume 
caleulated from manometrie data was compared to the mereury-calibrated vol- 
ume of the same flask. The comparisons, shown in Table I, are expressed as 
the means of deviations of ealeulated volumes from ‘‘standard’’ volumes + 
one standard deviation. Alternately, the precision of manometric calibra- 
tion in Comparison with mereury calibration is expressed as 


manometrie volume — mereury volume y 
—_--—--_—_— — ~—___— <« 100. Exemplary flask constants 
mereury volume 


(Ko,) corresponding to mereury-ealibrated volumes and to the most deviant 
manometrically calibrated volumes also are shown; the difference represents 


‘ 


the maximum “‘error’’ expected onee in 20 calibrations. 


TABLE I, COMPARISON OF MANOMETRIC AND MERCURY CALIBRATIONS OF WARBURG FLASKS 


FLASK CONSTANTS (Ko, ) 
MEAN DEVIA- RANGE OF FOR VOLUMES CALIBRATED 
FLASK TION FROM NO. POSITIVE DEVIATION AS WITH: 
EQUILIBRATION STAN DARD* DEVIATIONS PER PER CENT OF MAN. 
CON DITIONS ML. NO. FLASKS STAN DARD Hg (LARGEST ) ¢ 





; “8/19 0.3-4.1 1.80 1.87 
29° C., room oo 0.26 14/19 0.2-5.5 1.36 1.43 
35° C., bath for a 13/19 0.1-4.4 1.36 
30 minutes 
C., bath for 56 0.23 19/19 7-5.9 
hours 


27° C., room os 0.21¢ 


*Standard = volume of same flask calibrated with mercury at 290 i 

*Error expressed as standard deviation. 

tKoz values calculated for representative conditions; in each series Koz (man.) was 
calculated for the flask with volume deviating most from standard mercury-calibrated volume 
of same flask. 

DISCUSSION 

The inherent accuracy of manometric calibration must be limited pri- 
marily by precision of the manometers, which is affected by the bore and choice 
of manometer fluid. The precision shown in Table I, obtained with standard 
manometers filled with Brodie’s solution, is adequate for most purposes. From 
the table it is evident that manometrie calibrations need not be done after 
equilibration of flasks on the bath unless experimental temperatures differ 
considerably from room temperature. Although the method is applicable if 
gas volumes are inereased rather than decreased, drainage of manometer fluid 


down the manometer adds another source of error. This study incidentally 
provided an opportunity to examine the effeet of repeated heat-sterilization 


on flask volume. The mercury calibrations done for this experiment were com- 
pared with similar calibrations done three years previously on the 20 flasks, 
Which in the interval had been autoclaved 26 to 88 times at 121° C. The mean 
deviation of the new volumes from the old was 0.07 + 0.05 ml. 

Manometrie calibration has been found useful, for example, when cover- 
glasses were inserted in sterile flasks: since a thermobarometer of known vol- 
ume was ineluded with each set of test flasks, altered volumes could be reeali- 
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brated easily at the beginning of each experiment. The negligible effect 


repeated heat-sterilization permitted continued use of a mereury-calibrat 
thermobarometer flask as a reference for manometric¢ calibrations. 
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A NEw OBJECTIVE GRAPHIC METHOD FOR THE DETERMINATION OF CIRCULATION 
TIME AND PERIPHERAL VASCULAR SUFFICIENCY 


Murray M. Manu, M.D..* Kurr Lancer, M.D., Anp Linn J. Boyp, M.D. 
New York, N. Y. 


lik determination of the velocity of blood flow (circulation time) has gained 

a definite place in the examination of patients with cardiae or peripheral 
vascular diseases, and in those with endocrine disturbances or pulmonary dis- 
orders which impair the flow of blood through the lungs. In testing for cireu- 
lation time, one determines the speed of blood flowing fastest in the axis of 
the vessels from the point of injection to the point of detection. The pre- 
requisites for performing circulation time properly have been explained in a 
previous article. 

Most of the available methods are either subjective, and thereby carry 
a certain intrinsic fraction of unreliability, or objective, and require com- 
plicated apparatus and considerable laboratory facilities. The subjective 
methods are responsible for many of the dubious results obtained, may vary 
even in the same individual under different conditions,? and are associated 
with a large percentage of “blanks”; that is, where the subjective response 
fails to appear.’ In addition, they are often dangerous,** and often fail pre- 
cisely in those cases where the determination of the circulation has decisive 
value; namely, in patients with enlarged hearts, in unconscious patients, and 
insmall children with or without congenital heart diseases. 

The use of radioactive substances*"! is an objective method, but it requires 
elaborate equipment, is not free of danger, and is not repeatable at short 
intervals. One may also seriously question whether it accurately indicates 
the status of the circulation in a part of the body. 

Koch'* was the first to use fluorescein for the circulation time. He in- 
jected fluorescein into the antecubital vein of one arm, and drew samples of 
blood from the vein of the other arm, watching in full daylight for the first 
appearance of the fluorescein. In 1931, Lange and Wollheim'® showed that 


the dye emitted a luminescence sufficiently strong to be seen in human vessels 


of small caliber when a proper source of light (long-wave ultraviolet light) 
was used. 

Fluorescein is resorcinophthalein. It is a small molecule, readily available, 
xpensive, and nontoxic. It is a brown substance which is soluble in alkaline 
ition. Fluorescein is not radiopaque, but it fluoresces; i.e., long-wave ultra- 
let rays of 3,600 to 3,800 Angstrém units (black light) cause the dye to 
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emit a golden or green luminescence. One gram has been given orally as a 
test of renal function without deleterious effects.‘* To stain certain parts of 
the eye, as much as 6 Gm. has been given orally without untoward symptoms, 
although the skin may be stained yellow for 12 to 30 hours.*® Fluorescein 
undergoes no change in the body and is rapidly and completely excreted 
without chemical change in the urine. In 0.1 per cent of over 1,500 patients 
studied, slight nausea or vomiting has occurred. 

In 1943, Lange and Krewer’® described the Dermofluorometer, an instru- 
ment designed for the quantitative photoelectric measurement of the fluores- 
cence of the skin and organs. The Dermofluorometer consisted of a small, 
compact, search unit (Fig. 1), containing a powerful incandescent lamp with 
a high output in the region of the near ultraviolet and fitted with a blue filter. 


To Electronic 
Photometer - 





Fig. 1.—Schematic drawing of the search unit. F: blue filter in front of light source, F2 yellow 
filter in front of phototube. 


The lamp was rigidly aligned at an angle of 90 degrees to a phototube. The 
exciting blue light impinged upon the skin, while the yellow-green fluores- 
cent secondary light of the blood stream (evoked by the fluorescein under the 
blue light) was registered by the phototube. It was necessary to prevent the 
primary light from reaching the phototube by reflection from the skin or or- 
gan surface; this was accomplished by a filter, F,, in the primary light beam, 
and a filter, F,, set in front of the phototube. Filter F, transmitted blue light 
only and absorbed practically all light of a wave length longer than 5,000 Ang- 
strém units; conversely, filter F, absorbed all wave lengths shorter than 5,000 
Angstrém units, and so transmitted mainly yellow-green light characteristic 
of the fluorescence of fluorescein. The current originating in the phototube 
by the fluorescence imparted to the skin was then amplified, and the result 
read from a microammeter. 
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In 1944, Lange and Boyd"? used the Dermofluorometer for studies of 
capillary permeability and circulation time. They proved, by filtration ex- 
periments, that the speed of diffusion of the dye from the vascular tree into 
the interstitial spaces depended upon intracapillary pressure and capillary 
permeability. Thus, an area in which capillary perm ability was increased, 
e.g., by inflammation, histamine wheals, hives, etc., showed a more rapid and 
intense staining than surrounding tissue. They also found that pigmentation, 
especially in colored people, made the test unreliable. By means of their 


Fig. 2.—The Dermofluorograph. The search unit is attached to the leg of a patient. 


method, the circulation time in normal persons from arm to lip varied from 15 
to 1714 seconds, while the arm-to-leg times normally did not exceed twice the 
arm-to-lip time. However, the method was not completely objective in that 
(1) the arm-to-lip time depended upon the visual acuity of the observer, (2) 
the reaction time of the observer with the use of a stop watch was a possible 
source of error, (3) the slope of the curve or concentration of the dye per 
second could not be objectively evaluated, especially in its important rapid 
ascent during the first few seconds after the arrival of the dye at the test 
urea, 
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With the advent of a sensitive inexpensive lightweight recording gal- 
vanometer which could be attached to the Dermofluorometer, it became evident! 
to us that a truly completely objective method of determining circulation tim: 
and a method which would also be of importance in peripheral vascular 
disease was at hand. 

The Dermofluorograph* is essentially composed of the search unit cd 
seribed previously, connected to a highly stabilized D.C. amplifiert with a 
maximum amplification of 100,000 times connected to a strip-chart ink re- 
eorder of the self-balancing Servo type (Fig. 2). The response of the D.C. 
amplifier used is less than one-third of a second, while full standard reflection 
(to 30 skin units) of the entire instrument, including the recorder, oceurs 
within 3 seconds after the impulse. 


METHOD 


1, The instrument was calibrated by means of a fluorescent Corning No. 3750 canary glass 
slide, which was equivalent in fluorescence to a 1:100,000 fluorescein solution. We designated 
one fluorescent skin unit as the fluorescence given off by a fluorescein solution containing 





Fig. 3.—The calibration track. The fluorescent canary glass on the left, the black back- 
ground on the right. 


33.3 gamma per cent fluorescein when read in a cuvette of 5 mm. depth, the glass of which 
shows no absorption for the exciting light. Since fluorescent glass diminishes in fluores- 
cence with time, recheck of the standard canary glass against freshly made fluorescein 
solution is necessary from time to time. 

2. The search unit was placed on a wooden track with raised edges. One part of the 
track was covered with dull black paper, while the other end contained the fluorescent 
glass slide, whose upper surface was:‘on a level with the black surface (Fig. 3), The 


*We are greatly indebted to Dr. B. A. Silard of the Photovolt Corp. New York, N. Y., 
for his advice and collaboration on many technical problems. 


tPhotovolt Corp. Photometer, Model 501 M. 
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search unit was placed on the black surface and the Dermofluorograph adjusted to zero at 
position 2 (amplification x10,000) of the range switch. The search unit was then slid 
along the track onto the fluorescent glass, and the reading of the fluorescence of the 
glass was adjusted to the standard calibration value by means of an adjustment of the voltage 
of the incandescent lamp (thus changing the intensity of the primary light source), 

3. The search unit was then attached to the skin of the face, or to the extremity 
to which the circulation time was to be determined, by means of a suitable ECG rubber strap. 
For circulation time to the leg, we arbitrarily, in this initial study, chose an area 2 hand- 


breadths below the knee, on the mesial aspect of the calf. 
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Fig. 4.—Dermofluorographic curve of the circulation time from arm to left leg of a 
rmal adult. 


(1) Calibration 

(2) Start of injection of dye 

(3) “Take-off” denoting arrival of fluorescein at test site 
(Four squares equal 15 seconds) 


+. The range switch now was moved to position 3, where the amplification was 10 times 
position 2. The natural fluorescence of the skin of the patient was eliminated from the 
ecording by readjusting the amplifier back to zero. 


5. The paper strip was started at its constant speed of 4 inches per minute. 
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fay, 195 


6. For the determination of circulation time only, to any part of the body, 0.06 ml) 
of a 5 per cent fluorescein solution* per kilogram of body weight was injected. For th 
determination of the peripheral vascular status of an extremity, 0.13 ml, per kilogran 
of body weight was injected. 

7. The onset of the injection was registered on the recording strip by a “blip” pro 
duced by depressing a footswitch. 

8. The first appearance of the dye in the area covered by the search unit was auto 
matically recorded on the graph by a ‘‘take-off’’ of the pen from the base line, and the 
slope of the curve could be readily ascertained. Fig. 4 shows a normal curve. 


RESULTS 


It was found that even the small amount of 3 ml. of dye was sufficient to 
‘ause a readily observable “take-off” of the pen recorder from the base line. 
» 


In 3 patients, arm-to-face, or arm-to-leg times were repeated with 3 ml. of 


fluorescein every 5 or 10 minutes for 3 consecutive times. In each instance, 
the base line was brought back to zero to compensate for the fluorescence of 
the previously injected fluorescein. The circulation times were uniformly 
within 2 seconds of each other, and the slope of the curve was the same. Thus, 
this method was repeatable and reproducible within +5 per cent. It therefore 
became apparent that, with this method, a drug acting upon the circulation 
could be tested objectively and at short intervals as to its effect upon cireula- 
tion time. 

The intensity of staining of the tissue was dependent upon the amount of 
blood supply per minute. This was objectively tested by the following ex- 
periments. 


1. In 3 eases, a blood pressure cuff was applied on the thigh of the ex- 
tremity to which the search unit was attached. The cuff was inflated to 40 
mm. Hg, 3 ml. of dye was given into an antecubital vein, and a reeord was 
taken. The cuff pressure was then reieased, and 5 minutes later, 3 ml. of dye 
was again given in order to obtain a normal arm-to-leg time. The arm-to-leg 
time was found to be prolonged 20 to 30 seconds by the application of the 
cuff at a pressure of 40 mm. Hg. 

2. In 4 eases, the blood pressure cuff was applied on the thigh of the ex- 
tremity to which the search unit was attached. The cuff was inflated to 20 
mm. Hg, 3 ml. of fluorescein was injected into an antecubital vein, and a 


record was taken. The cuff pressure was released, and 5 minutes later, an 


additional 3 ml. of dye was given in order to obtain a normal arm-to-leg time. 
The arm-to-leg time was found to be prolonged 3 to 4 seconds by the applica- 
tion of the cuff pressure at 20 mm. Hg on the thigh. 


The preceding 2 experiments indicate that constriction of a limb, with 
consequent reduction in blood flow, leads to a prolongation of circulation time; 
the amount of prolongation appears to depend upon the amount of constric- 
tion. 

Five eases of congestive failure, ‘before and after digitalization, were 
tested with the instrument. Marked acceleration of the circulation was dem- 
onstrated after the patient was adequately digitalized. 


Two clinical examples 
are shown in the following ease reports. 


*Supplied in ampules by the C. F. Kirk Co., New York, N. Y. 
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1. J, L., No. 3745, an 80-year-old man with congestive heart failure due to arterio- 
sclerotic heart disease. The electrocardiogram showed myocardial damage and auricular 
fibrillation. On April 2, 1956, the arm-to-face time was 25 seconds, and arm-to-leg time was 
52 seconds. Moist rales were present over both lung bases, the liver was palpable 3 
fingerbreadths below the costal margin, and 2+ peripheral edema was present, He was 
digitalized and on June 12, 1956, the arm-to-face time was 17 seconds, while the arm-to- 
leg time was 33 seconds. Clinically, peripheral edema had lessened, and the liver had 
receded to about one fingerbreadth below the costal margin, but some crepitant rales 
were still present at the lung bases. 

2. G. E., No. 4308, a 78-year-old man with severe congestive failure and auricular 
fibrillation. Patient was quite confused and had Cheyne-Stokes respiration; electro- 
cardiogram showed auricular fibrillation with left ventricular strain. Clinically, moist 
rales were present over both lung fields posteriorly, and the liver was enlarged 4 finger- 
breadths below the costal margin, with 2+ peripheral edema. On Sept, 28, 1956, the arm- 
to-face time objectively recorded 63 seconds, He was then digitalized, and on Oct. 9, 1956, 
the arm-to-face time was 33 seconds, with corresponding clinical improvement. 
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CHART NO. 2 


L Ste ieay isc) Lt 


Fig. 6.—Range and mean of slopes of Dermofluorographic curves of 15 normal subjects and 
of 10 patients with occlusive vascular disease. 


In 15 normal patients, the arm-to-face times were consistently recorded 
between 13 to 17 seconds, while the arm-to-leg times varied from 21 to 34 
seconds. The slope of ascent of the arm-to-leg curves, after arrival of the dye, 
was steep. The range of normal, as well as the mean value, is shown in Fig. 6. 

In 10 patients with chronic occlusive vascular disease (as evideneed by 
trophic changes, absent pulsations, abnormal elevation-dependeney tests, and 
(liminished oscillometrie readings), we first obtained an arm-to-face time with 


? 
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3 ml. of dye in order to rule out prolonged circulation time due to congestive 
failure. The arm-to-leg times taken subsequently varied from 28 to 40 see- 
onds and/or the slope of the eurve was shallower than normal (Fig. 5). The 
range of the slopes, as well as the mean value for occlusive vascular disease, 
is shown in Fig. 6. Following is a case report which exemplifies the results 
obtained in occlusive vascular disease. 

1. L. F., No. 773, a 70-year-old Chinese man with the diagnosis of left hemiplegia due 
to cerebrovascular accident, and arteriosclerosis of both lower extremities, more marked 
in the left lower extremity where a recent popliteal artery thrombosis due to arterio- 
sclerosis was present. Trophic changes of the skin and nails of the feet were 4+. Periph- 
eral pulsations of the arteries of both lower extremities were absent up to the femorals. 
Oscillometric readings (von Recklinghausen oscillometer) were as follows. 

Right Left Normal 

Above ankle (Post. tib.) 0 0 10-20 mm. 

Below knee (popliteal) 5 0 30-50 mm. 

Above knee (femoral) 12 3 40-60 mm. 
Elevation revealed a 4+ pallor bilaterally, with a 4+ rubor on dependency of the left lower 
extremity, but only 3+ on the right. Arm-to-face time with 3 ml. of fluorescein was 16 
seconds; he was then given 7 ml. of the dye (patient’s weight was 120 pounds), and the 
arm-to-leg time was 40 seconds, with a shallow curve (Fig. 5). 

It should be noted that the instrument should not be placed over an in- 
flamed area, since in such an area, the number of open capillaries is increased, 
the resistance diminished, and the permeability increased. Hence, a recording 
of circulation time and slope of a curve over this region would not be repre- 
sentative of the over-all vascular status of the area. 

In 2 patients with old popliteal artery or femoral artery thrombosis due 
to arteriosclerosis, normal curves were obtained. Evidently, the collateral 
circulation which anatomically occurs mainly in the skin, may bring the dye 
to the area under the search unit as rapidly as normal vascular channels. The 
test may have prognostic value in such eases. 


SUMMARY 


A completely objective graphic method of recording cireulation time to any 
part of the body using fluorescein is presented. It is safe, rapidly repeatable, 
and reproducible. The efficiency of drugs acting upon the circulation may be 
appraised by this method. In peripheral vascular disease it is of value in 
diagnosis as well as prognosis. 
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A NEW PAPER CHROMATOGRAPHIC SYSTEM FOR THE 
SEPARATION OF POLAR CORTICOSTEROIDS 


WoJctecH J. Nowaczynski, D.Sc., aNnp EricH Korw, Ena.P. 
MONTREAL, QUEBEC 


N OUR experience the best purification of polar corticosteroids from urinary 

crude extracts is obtained when Zaffaroni’s propylene glycol/toluene sys- 
tem’ is used as the preliminary chromatographic separation, but this system 
has the inconvenience of being relatively slow. In order to obtain a satisfac- 
tory separation between such compounds as hydrocortisone, cortisone, and 
aldosterone, at least 96 hours is required.2 In looking for a new system that 
would be suitable for this type of separation with a special regard for aldoster- 
one, we have investigated several solvents. 

A very good chromatographic resolution was obtained when ethylene 
vlycol was used as the stationary phase. No tailing of the spots is observed 
when toluene is used as the mobile phase. The time necessary to obtain ade- 
quate separation is less than half that required in Zaffaroni’s propylene glycol/ 
toluene system. It was found that the rates of movement of steroids may be 
increased by addition of chloroform to the mobile phase. When the toluene 
and chloroform mixture 9:1 vol. per volume is used, rates of movement are 
approximately doubled. 


METHOD 


The starting line was ruled 10 em. from the upper edge of filter paper (Whatman No. 
2) strips, 15 em. wide and 60 em. long. The paper is previously extracted for 72 hours with 
a mixture of benzene methanol 1:1 (by volume) in a Soxhlet apparatus. Before the 
chromatography, the filter paper strips are dipped into a solution of 1 part of ethylene 
glycol* and 1 part of absolute methanol. In order to remove the excess of the stationary 
phase the strips are blotted twice between 2 similar paper strips which had been previously 
washed and dried in the same manner. No equilibration period is required. All the chro- 
matograms were run at 21° ©. and 50 ml. of the mobile phase was used. 

For the chromatography of urinary extracts, an equivalent up to 24 hours is applied 
to the starting line along a distance of 10 em. Amounts of 25 wg of hydrocortisone, corti- 
sone, and corticosterone standards were deposited on the lateral edges of each strip (Fig. 1). 


RESULTS 


The distances in centimeter from the starting line for some steroids are 
viven in Table I below, after different development times. 

In this system, many colored and fluorescent (under the ultraviolet light) 
substanees of urinary extracts remain on the starting line. As ean be seen 
from the table, the separation of aldosterone from hydrocortisone and corti- 
sone is very good after a period of 48 hours. 
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TABLE I 








TIME 5S HOURS | 23 HOURS | 48 HOURS | 88 HOURS 
Hydrocortisone 3.7 6.5 14.8 
Compound III* 1.2 6.4 — — 
Aldosterone r 7.5 12.6 -- 
Cortisone 2. 10.2 16.7 37.5 
11-desoxy-17-hydroxycorticosterone o Out of chromatogram 
Corticosterone Out of chromatogram 
11-dehydrocorticosterone : Out of chromatogram 
11-desoxycorticosterone Out of chromatogram 
Liquid front d Out of chromatogram 

*Isolation described (2). 














+———— STARTING LINE 


——> STANDARDS FEB 
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WHATMAN PAPER  NO.2 


Fig. 1.—Whatman No. 2 paper strip used for the chromatographic separation. 


The ratios of movement of steroids in this system do not vary with the 
time of development. The ratio of aldosterone with respect to hydrocortisone 
always can be caleulated and it is constant (Fig. 2). 


movement of aldosterone 





movement of hydrocortisone 


In order to localize the accurate position of aldosterone on the chromato- 
gram, hydrocortisone as standard is sufficient. 

A 48-hour specimen of pregnancy urine was extracted continuously with 
-chloroform at pH 1 and further processed by the method already deseribed.” ° 

The final extract was divided into 2 equal parts and purified by following 
techniques in order to obtain the aldosterone content. 

The first half went on silica gel column‘ followed by Zaffaroni’s propylene 
glycol/toluene system (96 hours), Eberlein and Bongiovanni’s E.B system® 
and Bush’s B 5 system (55 per cent aqueous methanol per benzene). 

The second half was processed using the same techniques with the excep- 
tion that Zaffaroni’s propylene glycol/toluene system was replaced by ethylene 
glycol/toluene system (48 hours). 
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Starting line 


Hydrocortisone 


Aldosterone 


Cortisone 


g. 2—An ultraviolet photocopy of a chromatogram showing the sitic i 
) ‘ € s positions of hydr ‘tis 
aldosterone, and cortisone in the ethylene glycol/toluene system after L——— 
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The aldosterone content obtained by calculations, derived from the BT* 
and UV determination in both eases, is illustrated in Fig. 3 as well as both 
UV eurves. 

















ZAFFARONI 
propylene glycd Aoluene 0. ox. 239 mp 
CRUDE NEUTRAL ele 4 U.V. det. 56.7 
URINARY EXTRACT | 24be0 09. 
48 brs equiv. 
ALDOSTERONE _ 
| 
SILICA GEL 
column 
ethylene glycol/toluene 0D 729m” 
» 48 bes ; i 
2abes eT 4 U.V. det.55.4y 
F a 
— EB — Bs BLT. del, 55.5y 
“i ALDOSTERONE 2 
CORTICOSTEROID J 
FRACTION —— 


220 260 300 my 


Fig. 3.—Aldosterone from a 48-hour aliquot of pregnancy urine (seventh month) isolated 
and purified using successively Zaffaroni’s (propylene glycol/toluene) system or ethylene 
glycol/toluene system and Eberlein and Bongiovanni’s E2B (iso-octane/butanol water) system, 
followed by Bush’s B 5 (55 per cent aqueous methanol per benzene) system. 


The ultraviolet absorption curves were taken in the 220 to 300 my region, using a Beck- 
man Model DU spectrophotometer. 


SUMMARY 


A simple paper chromatography procedure for the separation of polar 
steroids from natural sources is deseribed. It has the advantage over the 
Zaffaroni’s propylene glycol/toluene system of greater speed of development 
with equal sharpness of separation. 

Application of the system using ethylene glyeol/toluene for the analysis 
of urinary aldosterone is demonstrated. 
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A RAPID METHOD FOR QUANTITATIVE URINE CULTURES 
Ropert E. Manion, B.A., AND WENDELL H. HALL, M.D., Pa.D. 
MINNEAPOLIS, MINN. 


T IS usually stated that freshly voided urine is normally sterile or contains 
| only a few micrococci, diphtheroids, or other nonpathogenic bacteria. How- 
ever, Shackman and Messent! reported that the normal male urethra may 
contain staphylococci, diphtheroids, Escherichia coli, and bacilli of the Proteus 
group. Other investigators have found similar bacteria, some of which have 
been implicated in urinary tract infections, in as many as 50 per cent of normal 
men. In these studies only a few have ascertained the degree of infection 
quantitatively or determined the causative organism in mixed infections. 

Beeson? stated that it is probable that up to 1,000 organisms may be found 
per milliliter in normal urine, mainly from unavoidable contamination from 
the surface of the urethra during urination or catheterization. Jawetz® also 
used this figure, and indicated that a bacterial count of more than 1,000 per 
milliliter shows an acute or subacute infection. Kass‘ has set the lower limit 
of true bacilluria at 100,000 bacteria per milliliter but added that counts of 
morning specimens may be high because of multiplication of the organisms 
in the bladder. These authors stressed the routine use of a gram-stained smear 
of the sediment, and assumed that if bacteria are present the count is at least 
10,000 per milliliter. 

Since 1954, we have used in this hospital a method calculated to quantitate 
roughly the degree of infection of the urinary tract. It was recognized that a 
simple and practical method of isolation and identification in conjunction with 
a count was needed as a routine procedure. A rapid two-plate technique was 
devised for this purpose. 

MATERIALS AND METHODS 

Freshly voided urine specimens were collected in sterile tubes. Except for catheter- 
ized specimens from the urologie service, all were properly collected midstream samples. 
With a sterile pipet, 0.1 ml. of unsedimented urine was spread well on the surface of a 
Tergitol No. 7 agar plate (Difco) to which had been added 2, 3, 5-triphenyltetrazolium 
chloride in a concentration of 40 mg. per liter according to the method of Chapman.5 In 
he same manner, 0.1 ml. of urine was spread on the surface of a blood agar plate contain- 
ng 0.02 per cent sodium azide (Difco). The first medium was chosen for isolation of 
‘ram-negative bacilli, the second for the gram-positive coecal organisms. The cultures 
vere incubated for 24 hours at 37° C. and examined. 

It was found that the Tergitol No. 7 agar inhibited almost completely the growth of 
sram-positive organisms, although yeasts grew well if incubated for a longer period. 





‘nhibition of the gram-negative bacilli was less successful on the sodium azide medium, 
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but recognition of the colonies was not difficult. Yeasts may be mistaken for staphylo 
cocci. Swarming of the Proteus strains was inhibited. It was felt that a higher concentra 
tion of sodium azide would inhibit staphylococci to the extent that true infection would b 
dismissed because of the low count. Lichstein and Souleé stated that Staphylococcus albus 
and Staphylococcus aureus were moderately resistant to 0.03 per cent sodium azide whil 
Staphylococcus citreus was very sensitive. Sanford and associates? used a streaked-blood 
agar plate containing 0.07 per cent sodium azide, more than double the concentration at 
which Lichstein and Soule found a diminution of staphylococcal growth and approaching 
the concentration (0.1 per cent) at which certain strains of streptococci were inhibited. 

Colonies of the coli-aerogenes group were recognized easily on Tergitol No. 7 agar. 
E. coli does not change the medium and the colonies are yellow and rather dry. <Aerobacte: 
aerogenes, Paracolobactrum aerogenoides, and Klebsiella are mucoid and may vary in color 
from yellow to green. No attempt was made to differentiate these genera, as several 
bacteriologists have concluded that no valid criteria exist for the practical separation of 
these encapsulated organisms.’,® Proteus strains, certain paracolon strains, and Pseudo 
monas are not remarkable, and require subculture to the usual differential media. Cocci 
were identified by colonial morphology, hemolysis, and the usual biochemical reactions. 

Colony counts were made when discrete colonies were present. When the initial 
gram-stained smear of the urine indicated a high count, a dilution of 1:100 of urine in 
sterile saline was used as the inoculum. Counts were corrected to 1.0 ml. of urine and 
reported as enumerated to a maximum of 5,000 per milliliter. The number was estimated to 
the nearest 10 up to 100, to the nearest 100 up to 1,000, and then to the nearest 1,000. 

At the time of subculture to the differential media a portion of the culture was 
emulsified in sterile saline to a density approximating an 18-hour broth culture. A sterile 
swab wet with the suspension was used to inoculate a Mueller-Hinton agar plate. A 
Multidisk* containing chloramphenicol, 50 mug; nitrofurantoin (Furadantin), 100 ug; 
sulfisoxazole (Gantrisin), 100 ug; neomycin, 50 wg; and tetracyleine, 50 ug; was placed 
on the inoculated plate. Plates were incubated for 24 hours at 37° C. and the zones of 
inhibition measured. Susceptibility data were reported together with the identification, 
which, in the case of the common organisms, was available at the same time. 

For control purposes, one loopful of the sediment of each urine after centrifugation 
was inoculated into a tube of brain heart infusion broth. Parallel cultures were obtained 
from 1,000 patients for a total of 2,131 cultures. All control tubes were held for 48 hours 
before reported as negative. 

RESULTS 

Parallel cultures using the plate technique and the broth culture method 
for 2,131 consecutive specimens were analyzed. The results are given in Table 
I. It was decided to ignore on the plates the occasional colony of nonhemolytic 
staphylococeus on the assumption that they were inevitable contaminants to 
be found in midstream urines. Experience with a series of properly collected 
specimens from 25 normal healthy control subjects indicates that approximately 
one half will contain from 10 to 70 colonies of nonhemolytic, coagulase-nega- 
tive staphylococci per milliliter of urine. 

As expected, the colony counts varied widely. Morning specimens usually 
showed a higher count that those collected later in the day. In the case where 
the patient was being treated with chemotherapeutic agents the count often 
declined rapidly. 

Apart from the added information of the bacterial count, other advantages 
of the plate method became apparent. Colonies could be picked quickly from 


*Obtained from Case Laboratories, 515 No. Halsted St., Chicago 22, Ill. 
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TABLE I. RESULTS OF 2,131 URINE CULTURES WITH AGAR MEDIA AND BROTH 











NUMBER PER CENT 
Positive by both methods 1,377 64.6 
Negative by both methods 596 28.0 
Positive by broth, negative by plate 85 4.0 
Positive by plate, negative by broth 73 3.4 
Positive by broth only: 
Nonhemolytie staphylococci, coagulase-negative 48 56.5 
Diphtheroids 21 24.7 
Spore-formers + 4.7 
Yeasts 12 14.1 
Positive by plates only: 
Gram-negative bacilli aa 72.6 
(All mixed cultures, usually with Proteus) 
Hemolytie staphylococci, coagulase-positive 9 12.3 
(Mixed with Proteus) 
Enterococci 11 15.1 


(Mixed with gram-negative bacilli) 


mixed eultures after 24 hours for final identification and drug resistance 
studies. In most cases final identification and susceptibility data were avail- 
able in 48 hours. 

It is emphasized that this method is not intended to supplant procedures 
for isolation and identification of such organisms as tubercle bacilli, Brucella, 
fungi, or other organisms that require special bacteriologic techniques. 


CLINICAL VALUE OF METHOD 


Positive cultures of blood as well as urine were available for the same or 
the preceding day in 34 of the 1,000 patients. 


No eorrelation . ...... . .20 
Same organism ......... 
Doubtful correlation . ...... 5 


TABLE LI. BACILLURIA IN 12 PATIENTS WITH BACTEREMIA FOLLOWING UROLOGIC PROCEDURES 








URINE CULTURE-COUNT 





CASE PROCEDURE BLOOD CULTURE PER MILLILITER 
1. —_* Dilation of vesicle neck paracolon >5,000 Aerobacter 
2. TUR" Proteus >5,000 Proteus 
3. TUR Aerobacter >5,000 Aerobacter 

>5,000 Pseudomonas 
4, TUR Aerobacter >5,000 Aerobacter 
5. TUR Proteus No growtht 
6. TUR paracolon >5,000 Aerobacter 
>5,000 Proteus 
7. TUR paracolon >5,000 paracolon 
>5,000 Aerobacter 
8. Urethrogram Aerobacter >5,000 Aerobacter 
9. Cystectomy Proteus >5,000 Proteus 

10. Removal of catheter Aerobacter >5,000 Aerobacter 

>5,000 Proteus 

11. Traumatie eatheterization E. coli 4,000 E. coli 

>5,000 Aerobacter 

12. Prostatic needle biopsy Aerobacter >5,000 Aerobacter 








*Transurethral resection of prostate. 
+Feces culture predominantly Proteus. 





*A. aerogenes, 3; Proteus, 3; Paracolobactrum, 2; BH. coli, 1. 
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In all cases where the blood and urine cultures were identical, the organism 
was a gram-negative bacillus. Further, of the 21 cases of bacteremia associ- 
ated with gram-negative bacilli, 19 had an accompanying bacilluria with a 
count of more than 5,000 bacilli per milliliter. One case had no comparable 
urine culture and the other was a terminal E. coli bacteremia and a negative 
urine culture. There was no correlation between blood and urine cultures 
containing gram-positive cocci. Twelve of the 34 patients developed bacter- 
emia while on the urologic service. Table Il indicates the probable precipitat- 
ing trauma and the organisms isolated. 


TABLE III. BaAcILLURIA IN 106 PATIENTS WitrH BACTERIAL URINARY INFECTION 


‘URINE PLATE COUNT PER MILLILITER 


DIAGNOSIS JASES e 50-500 >d5,000 
2 4 0 
Pyelonephritis : 3 29 
Cystitis 9 
Obstruction 9 31 
Renal stone 11 0 9 
BPH* 17 é 6 7 
Tumor 18 1 11 
Stricture 9 : 2 4 


*Benign prostatic hypertrophy. 
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Fig. 1.—Bacterial count in the urine of 35 patients with pyelonephritis. Staphylococci and 
enterococci were mixed with predominant gram-negative bacilli. 


Quantitative urine cultures were made with specimens from 106 patients 
with glomerulonephritis or a urinary tract infection (Table III). Plate counts 
were made before or early in the course of treatment. In eases of serial speci 
mens the first was selected. 

The 35 cases of pyelonephritis in Table II] were broken down according 
to bacterial count and organisms (Fig. 1). <A total of 46 strains of bacteria 
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were isolated. All of the isolated staphylococci and enterococci were from 
mixed cultures in which gram-negative bacilli were predominant. No attempt 
was made to determine the duration or stage of treatment. 


DISCUSSION 


The inadequacies of routine broth cultures of urine become evident when 
it is realized that growth ean be initiated easily with only a few bacteria. 
Where the organisms originate is problematical, and it is often difficult to 
ascertain whether the culture represents a true infection or a chance contami- 
nant. This is true with catheterized as well as midstream specimens. Such 
proved pathogens as FE. coli are ubiquitous and may be present in small num- 
bers in the urethra. Helmholz?® has indicated that 50 per cent of normal men 
may harbor urethral bacteria. Philpot,! using a quantitative method, has 
determined the bacterial flora in a group of normal adults. Our experience 
with midstream urine specimens from normal men indicates that staphylococci 
are encountered in small numbers with considerable frequency. This is also 
true of broth cultures of urine from patients, but plate cultures showed the 
staphyloeoeci are seldom numerous. 

While it is simple, practical, and informative to examine a gram-stained 
smear of the urinary sediment, the cultural information is a prerequisite to 
the determination of the susceptibility to chemotherapeutic agents and the 
changes in the bacterial flora under treatment. The reported discrepancies 
between a ‘‘positive’’ smear (10,000 or more bacteria per milliliter) and the 


lower limit of a ‘‘positive’’ culture (1,000 bacteria per milliliter) can be re- 
solved only by the use of a culture with a colony count. 


In the attempt to correlate bacteremia with the urine count it was noted 
that a large percentage of high urine counts coincided with the isolation of 
the organism from the blood. Of the 34 patients with positive blood cultures, 
21 were infected with gram-negative bacilli, an incidence of 61 per cent. 
Nineteen of these, or 90 per cent, showed a urine bacterial count of more than 
»,000 bacteria per milliliter. Twelve cases of bacteremia in our series resulted 
trom attempts to relieve urinary obstruction with concomitant infections. 

Table IIT presents a series of 106 cases showing the urine counts in various 
diagnosed conditions. No high bacterial counts were encountered in the cases 
of glomerulonephritis and all plate counts were within the limits of contami- 
nation expected with midstream specimens. The majority of the cases of 
pyelonephritis were of the acute type and showed a high bacterial count, al- 
though a few had less than 500 per milliliter. With obstruction, the number 
of baeteria observed was variable. Prior therapy, catheter drainage, and un- 
known faetors may explain the variation. 

Fig. 1 indicates the importance of the gram-negative bacilli as the offend- 
ing organisms in pyelonephritis. The fact that all cocci in the series were 
from mixed cultures may indicate that their source is urethral or extraluminal 
or that chronie cases are more apt to have mixed infection.‘ 
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SUMMARY 


A rapid, simple method is presented for quantitative urine cultures using 
two differential agar media. The media included (1) Tergitol No. 7 agar with 
4 mg. per cent 2, 3, 5-triphenyltetrazolium chloride and (2) blood agar with 
0.02 per cent sodium azide. A comparison with broth cultures of 2,131 urine 
specimens demonstrated that the plate method was quicker and more likely 
to result in the isolation of the bacteria responsible for urinary infections. 
Patients with bacteremia after urologie procedures usually had heavy bacil- 
luria with the same or related organisms. Of 21 patients with blood cultures 
containing gram-negative bacilli, 19 had a bacilluria of more than 5,000 per 
milliliter. 

Less than 100 bacteria per milliliter were found in the urine of healthy 
normal men and patients with glomerulonephritis. Patients with active 
urinary infections usually had more than 5,000 bacteria per milliliter. The 
bacteria were nearly always in the gram-negative enteric group of bacilli. 

Large numbers of gram-negative bacilli were found very often in the 
urine of patients with pyelonephritis. Gram-positive coccal organisms occur- 
red only mixed with the enteric bacilli. 
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